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,5"*905D*05/C'07M*<C209*,5"*(5*&$%,*B"ACM* *  4 
@*,4&!+8!A+)(&)(1!
'* * L$A62%2/'50* * * * * * * * H*
''* * I+(/%2A/* * * * * * * * F*
'''* * IA905D6$)7$B$0/(* * * * * * * [*
'&* * 8'(/*5;*;'7"%$(* * * * * * * * h*
&* * 8'(/*5;*/2+6$(* * * * * * * * HF*
&'* * 8'(/*5;*2++%$&'2/'50(* * * * * * * HJ*
BC!! ! D)(%+#5'($+)!! ! ! ! ! ! BE!
! ! ! ! ! ! !!!!!!!!!! ! ! ! ! !
BCB! ! /*%0$)1+)21!?$1&*1&! ! ! ! ! ! BF!
HMHMH* * K2/C5657,** * * * * * * * Hi*
HMHMF* * !,B#/5B(* * * * * ** * * FG*
HMHM[* * 42"($(*** * * * * * * * FG*
HMHM[MH* * * ^0&'%50B$0/26*%'(9*;2A/5%(* * * * * FG*
HMHM[MF* * * K%5/$A/'&$*;2A/5%(* * * * * * FH*
HMHM[M[* * * W$0$/'A** * * * * * * FH*
HMHMJ* * <%$2/B$0/* * * * * * * * FH*
* * * * * * * * * * * *
BC7!! ! G&)&($'1!+8!/?! ! ! ! ! ! ! 77!
HMFMH* * I"/5(5B26*)5B'020/** * * * * * * F[*
HMFMHMH* * * %&'()*+("#,-./) ) ) ) ) ) FJ*
HMFMHMF* * * !""#$)*+("#0/) ) ) ) ) ) ) FJ*
HMFMHM[* * * 1+%23)*+("#,4/) ) ) ) ) ) F]*
HMFMHMJ* * * 30A50;'%B$)*7$0$(* * * * * * F]*
HMFMF* * I"/5(5B26*%$A$(('&$) ) ) ) ) ) ) FY)
HMFMFMH))) ^EKL*20)*/C$*B'/5#C27,*#2/CD2,)*+("#$5)+("#65)+("#4) )
) ) 20))+("#,3/) ) ) ) ) ) ) ) Fj)
HMFMFMF* ) ) (7+,2($)*+("#8/)) ) ) ) ) ) Fj)
HMFMFM[* ) ) +!($96)*+("#,./! ! ! ! ! ! Fi)
HMFM[* * U'(9*65A'! ! ! ! ! ! ! ! ! Fi*
HMFM[MH* ) ) 9:() ) ) ) ) ) ) ) Fi)
HMFM[MF* ) ) ;(+7) ) ) ) ) ) ) ) Fi*
HMFMJ* * I))'/'5026*65A2/'50(* * * * * * * Fh!
! ! ! ! ! ! ! ! ! ! ! !
BCH!! ! I&5'$)&6%$'.!%&3&*(!0$)*1&!7!JIKKL7M!! ! ! 7N!
HM[MH* * 8UU.F*T*!/%"A/"%$*! ! ! ! ! ! ! Fh!
HM[MHMH* * * U5A4EU*/20)$B*W<K2($*)5B2'0* * * * [G*
HM[MHMF*** .'02($*)5B2'0* * * * * * * * [F*
HM[MHM[*** b50T$0V,B2/'A*)5B2'0(** * * * * * []*
HM[MHMJ*** 8UU.F*2"/5%$7"62/'50*! ! ! ! ! ! ! []*
HM[MF* * 8UU.F*T*^O#%$(('50*20)*;"0A/'50!! ! ! ! ! [Y*
HM[M[* * 8UU.F*T*!'7026'07*#2/CD2,(*! ! ! ! ! ! [i*
HM[MJ* * 8UU.F*20)*/C$*A,/5(9$6$/50! * * * * * [h*
HM[MJMH*** * P'A%5/"+"6$(*RP<(S** * * * * * [h*
HM[MJMHMH** * * PIK(* * * * * * * [h*
HM[MJMHMF** * * <"+"6'0** * * * * * [h*  5 
HM[MJMHM[* * * <"+"6'0*e*P<(** * * * * * JG*
HM[MJMHMJ* * * <"+"6'0*e*A$0/%5(5B$* * * * * JF*
HM[MJMHM]* * * <"+"6'0*'0*)'($2($* * * * * JF*
HM[MJMF* * * P<(*20)*KL* * * * * * * J[*
HM[MJM[* * * P<(*20)*8UU.F** * * * * * J[*
* * * * * * * * * * * *
BCO!! ! @.&1$1!*$:1!! ! ! ! ! ! ! OH!
HMJMH* * 1,#5/C$('(* * * * * * * * JJ*
HMJMF* * I'B(* * * * * * * * * JJ*
HMJM[* * E+k$A/'&$(* * * * * * * * JJ*
!
7C!! ! P*(&%$*41!*)#!P&(.+#1!! ! ! ! OQ!
! ! ! ! ! ! ! ! ! ! ! !
7CB* * G&)&%*($+)!+8!34*1:$#!'+)1(%5'(1** * * * OR*
FMHMH* * K4U*R#56,B$%2($*AC2'0*%$2A/'50S* * * * * JY*
FMHMHMH* * * K62(B')*A50(/%"A/(*20)*#%'B$%(** * * * Jj*
FMHMF* * ^6$A/%5#C5%$('(*20)*7$6*$O/%2A/'50** * * * * Jh*
FMHM[* * U$(/%'A/'50*)'7$(/*5;*/C$*#"%';'$)*K4U*#%5)"A/* * * * ]G*
FMHMJ* * KC$056*AC65%5;5%B*$O/%2A/'50*20)*6'72/'50* * * * ]H*
FMHM]* * 45B#$/$0/*<=)>?@A*A$66*#%$#2%2/'50*20)*/%20(;5%B2/'50* * * ]H*
FMHMY* * 85DTZ"20/'/,*#62(B')*LbI*'(562/'50*RP'0'#%$#S* * * * ]F*
FMHMj* * I026,('(*20)*($Z"$0A'07* * * * * * ]F*
FMHMi* * 82%7$TZ"20/'/,*#62(B')*LbI*'(562/'50*RP2O'#%$#S* * * ][*
FMHMh* * !'/$T)'%$A/$)*B"/27$0$('(* * * * * * ]J*
* * * * * * * * * * * *
7C7! ! S&*1(!(-+6.<,%$#! ! ! ! ! ! ! !QR!
FMFMH* * !$B'TZ"20/'/2/'&$*,$2(/*/D5TC,+%')* * * * * ]i*
FMFMHMH* * * 8JG*A$66*6'0$*B2'0/$020A$* * * * * ]i*
FMFMHMF* * * K%$#2%'07*20)*#62/'07*/C$*,$2(/** * * * ]h*
FMFMHM[* * * <C$*XT7262A/5(')2($*2((2,* * * * * ]h*
FMFMF* * f"20/'/2/'&$*,$2(/*/D5TC,+%')* * * * * * YG*
FMFMFMH* * * 4$66*#%$#2%2/'50* * * * * * * YG*
FMFMFMF* * * f"20/';'A2/'50*20)*2026,('(* * * * * YG*
* * * * * * * * * * * *
7CH! ! P*::*4$*)!'&44!'54(5%&! ! !! ! ! ! RB!
FM[MH* * 4$66*6'0$*B2'0/$020A$* * * * * * * YH*
FM[MF* * 4$66*($$)'07*20)*/%20(;$A/'50* * * * * * YH*
FM[M[* * K%5/$'0*$O/%2A/'50* * * * * * * YF*
FM[MJ* * >BB"05#%$A'#'/2/'50* * * * * * * Y[*
FM[MJMH* * K%5/$'0*'BB"05#%$A'#'/2/'50* * * * * * Y[*
FM[MJMF* * * :%2);5%)*2((2,* * * * * * * YJ*
FM[M]* * >BB"05A,/5AC$B'(/%,* * * * * * * YJ*
FM[M]MH* * * K56,TLT6,('0$*A5&$%(6'#*A52/** * * * * YJ*
FM[M]MF* * * 4$66*($$)'07*20)*!1T!\]\*A$66*)';;$%$0/'2/'50* * * YJ*
FM[M]M[* * * _'O2/'50** * * * * * * Y]*
FM[M]MJ* * * I0/'+5),*62+$66'07* * * * * * Y]*
FM[M]M]* * * P'A%5(A5#,* * * * * * * YY*
* * * * * * * * * * * *
7CO! ! /%+(&$)!*)*4<1$1! ! ! ! ! ! ! RR!  6 
FMJMH* * !2B#6$*#%$#2%2/'50*20)*$6$A/%5#C5%$('(** * * * YY*
FMJMF* * K@L_*B$B+%20$*/%20(;$%* * * * * * Yj*
FMJM[* * :65A9'07*20)*20/'+5),*'0A"+2/'50* * * * * Yj*
FMJMJ* * 4C$B'6"B'0$(A$0A$*)$/$A/'50* * * * * * Yi*
FMJM]* * P56$A"62%*B5)$6'07* * * * * * * Yh*
* * * * * * * * * * * *
7CQ* * TG>!1&U5&)'$);!*)#!*)*4<1$1! ! ! ! ! EV!
FM]MH* * !"+k$A/(* * * * * * * * jG*
FM]MHMH* * * _2B'6,*#$)'7%$$(*20)*A6'0'A26*)2/2* * * * jG*
FM]MF* * !E8'L*($Z"$0A'07* * * * * * * j[*
FM]MFMH* * * LbI*$O/%2A/'50*20)*Z"20/';'A2/'50* * * * jJ*
FM]MFMF* * * 8'+%2%,*#%$#2%2/'50?*2B#6';'A2/'50*20)*$0%'ACB$0/* * jJ*
FM]MFM[* * * !$Z"$0A'07* * * * * * * j]*
FM]MFMJ* * * L2/2*#%5A$(('07** * * * * * j]*
FM]M[* * 4C2'0T/$%B'02/'50*($Z"$0A'07* * * * * * jY*
FM]M[MH* * * K%'B$%*)$('70* * * * * * * jY*
FM]M[MF* * * K4U*20)*#"%';'A2/'50* * * * * * jj*
FM]M[M[* * * 4C2'0*/$%B'02/'50*K4U*20)*($Z"$0A'07* * * * ji*
FM]MJ* * 8'0927$*2026,('(** * * * * * * ji*
FM]MJMH* * * L2/2*#%$#2%2/'50* * * * * * jh*
FM]MJMF* * * 8'0927$*2026,('(** * * * * * jh*
FM]M]* * !E8'L*)2/2*2026,('(* * * * * * * jh*
FM]M]MH* * * @2%'20/*($6$A/'50* * * * * * jh*
FM]M]MHMH* * * K%'B2%,*;'6/$%'07*(/27$(* * * * * iG*
FM]M]MHMF* * * 4,/5(9$6$/26*#%5/$'0(* * * * * iH*
FM]M]MHM[* * * .05D0*0$"%5)$7$0$%2/'&$*7$0$(* * * iH*
FM]M]MHMJ* * * 8'0927$*2026,('(** * * * * iH*
FM]M]MHM]* * * !b*$O#%$(('50* * * * * * iH*
FM]M]MHMY* * * L5#2B'0$*#%5A$(('07*7$0$(* * * * iF*
FM]M]MHMj* * * 46'0'A26*)2/2* * * * * * iF*
FM]M]MHMi* * * P"6/'#6$*5AA"%%$0A$(*D'/C'0*/C$*A5C5%/* * * iF*
FM]M]MF* * * >0/$7%2/'&$*7$05B'A(*&'$D$%* * * * * iF*
FM]M]M[* * * :'5'0;5%B2/'A*%$(5"%A$(** * * * * iJ*
FM]M]M[MH* * * K2/C57$0'A'/,*#%$)'A/'50*(5;/D2%$* * * iJ*
!
HC! ! K&154(1! ! ! ! ! ! ! ! FF!
! ! ! ! ! ! ! ! ! ! ! !
HCB! ! A.*%*'(&%$1*($+)!+8!IKKL76(5,54$)!,$)#$);W!@5,54$)! FF!
[MHMH** * <C$*/"+"6'0T8UU.F*+'0)'07*('/$-*(/2%/'07*#5'0/** * * * ih*
[MHMF* * 8UU.F*)5$(*05/*+'0)*2))'/'5026*B$B+$%(*5;*/C$*/"+"6'0*** *
* * ("#$%;2B'6,* * * * * * * * ih*
[MHM[* * 8UU.F*)5$(*05/*+'0)*2A/'0TX*5%*2A/'0TlH*&'2*/C$*U5A4EU*)5B2'0*** hF*
[MHMJ* * <3::Y*26(5*+'0)(*8UU.F** * * * * * h[*
[MHM]* * <C$*)'&$%7$0/*4T/$%B'0"(*'(*05/*0$A$((2%,*/5*/C$*'0/$%2A/'50* * h]*
[MHMY* * >)$0/';'A2/'50*5;*(#$A';'A*%$(')"$(*%$Z"'%$)*;5%*8UU.FT/"+"6'0** *
* * +'0)'07** * * * * * * * hY*
[MHMj* * 450($%&2/'50*5;*/C$*'0/$%2A/'50*('/$*/C%5"7C5"/*$&56"/'50* * hi*
[MHMi* * K5(/T/%20(62/'5026*B5)';'A2/'50(*B2,*B5)"62/$*/C$*8UU.FT* *
* * /"+"6'0*2((5A'2/'50* * * * * * * hh*
[MHMh* * <3::Y*K%5[FG*(/%5076,*;2A'6'/2/$(*/C$*8UU.FT/"+"6'0*'0/$%2A/'50*** HGJ*  7 
[MHMHG* * <"+"6'0*A5B#6$O$(*#%$A6")$*(#$A';'A*A5T'BB"05#%$A'#'/2/'50* * HGj*
[MHMHH* * L'(A"(('50* * * * * * * * HHG*
[MHMHHMH* * !#$A';'A'/,*5;*/C$*8UU.FT/"+"6'0*'0/$%2A/'50* * * HHG*
[MHMHHMF* * >0/$%2A/'50*%$Z"'%$B$0/(* * * * * HHH*
* * * * * * * * * * * *
HC7! ! A.*%*'(&%$1*($+)!+8!IKKL76(5,54$)!,$)#$);W!IKKL7!! BBO!
[MFMH* * <C$*/"+"6'0T8UU.F*'0/$%2A/'50*'(*B$)'2/$)*+,*/C$*bT/$%B'0"(*5;*/C$**
* * U5A*)5B2'0* * * * * * * * HH]*
[MFMF** * <C$*/"+"6'0T8UU.H*'0/$%2A/'50*(C5D(*('B'62%'/'$(*/5*/C$*/"+"6'0T* *
* * 8UU.F*'0/$%2A/'50* * * * * * * HHY*
[MFM[** * I620'0$*+65A9*(A20*/5*)$/$%B'0$*/C$*U5A*)5B2'0*2B'05*2A')** *
* * %$(')"$(*%$Z"'%$)*;5%*/C$*'0/$%2A/'50*D'/C*/"+"6'0* * * HHi*
[MFMJ** * L'(A"(('50* * * * * * * * HFJ*
* * * * * * * * * * * *
HCH! ! IKKL7!*)#!P@!1(*,$4$(<! ! ! ! ! ! B7N!
[M[MH* * 8UU.F*65A26'($(*/5*),02B'A*7%5D/C*A50$*P<(* * * * H[G*
[M[MF* * 8UU.F*%$)"A$(*mT/"+"6'0*2A$/,62/'50* * * * * H[F*
[M[M[* * <3::H*5%*<3::[*5&$%$O#%$(('50*'0A%$2($(*/C$*#%5#5%/'50*5;** *
* * 2A$/,62/$)*/"+"6'0** * * * * * * H[J*
[M[MJ* * <C$*8UU.F*bT/$%B'0"(*$;;$A/(*/C$*AC207$(*'0*2A$/,62/'50* * H[]*
[M[M]* * :65A9'07*/C$*#2A6'/2O$6*+'0)'07*('/$*#%$&$0/(*8UU.F*+'0)'07*/"+"6'0HJj*
[M[MY* * 8UU.F*%$)"A$(*P<*2A$/,62/'50*'0*#2A6'/2O$6*/%$2/$)*A$66*6'0$(** * H[i*
[M[Mj* * L'(A"(('50* * * * * * * * HJG*
[M[MjMH* * * <C$*('/$*5;*/C$*8UU.FT/"+"6'0*'0/$%2A/'50*D'/C'0*A$66*7%5D/C**
* * * A50$(* * * * * * * * HJG*
[M[MjMF* * * I*%56$*;5%*8UU.F*'0*P<*(/2+'6'/,* * * * * HJH*
* * * * * * * * * * * *
HCO!! ! @.&!$#&)($8$'*($+)!+8!)+X&4!/?6*11+'$*(&#!X*%$*)(1!$)!!
! ! 8*:$4$*4Y!4*(&6+)1&(!/?* ! ! ! ! ! BOE!
!
[MJMH* * 8'0927$*2026,('(*%$&$26$)*("77$(/'&$*KL*65A'** * * * HJi*
[MJMF* * @2%'20/*($6$A/'50*20)*($7%$72/'50*2026,('(** * * * HJh*
[MJMFMH* * * '(B+%$)) ) ) ) ) ) ) H][*
[MJMFMF* * * <"''6) ) ) ) ) ) ) ) H]J*
[MJMFM[* * * CD'(,) ) ) ) ) ) ) ) H]Y*
[MJMFMJ* * * CEB.) ) ) ) ) ) ) ) H]j*
[MJMFM]* * * %<E6!) ) ) ) ) ) ) ) H]h*
[MJMFMY* * * %7#.) ) ) ) ) ) ) ) HYH)
[MJM[* * L'(A"(('50* * * * * * * * HYF*
[MJM[MH* * * ^O5B$*20)*0$O/*7$0$%2/'50*($Z"$0A'07** * * HYF*
[MJM[MHMH* * * P$AC20'A26*6'B'/2/'50(* * * * * HYF*
[MJM[MHMF* * * >0;5%B2/'A*6'B'/2/'50(* * * * * HYF*
[MJM[MHM[* * * K%$)'A/'5026*6'B'/2/'50(** * * * HY[*
[MJM[MF* * * 45B#2%'(50*5;*2##%52AC$(** * * * * HYJ*
[MJM[M[* * * !$6$A/'50*+'2(* * * * * * * HY]*
[MJM[MJ* * * K"/2/'&$*#2/C57$0'A*&2%'20/(* * * * * HY]*
* * * * * * * * *
OC! ! Z$)*4!?$1'511$+)! ! ! ! ! ! BRE!
! ! ! ! ! ! ! ! ! ! ! !
OCB! ! @.&!IKKL76(5,54$)!$)(&%*'($+)!1$(&1! ! ! ! BRF!  8 
!
! ! ! ! ! ! ! ! ! ! ! !
OC7! ! IKKL7!%&#5'&1!:$'%+(5,54&!*'&(<4*($+)* * * BEV*
! ! ! ! ! ! ! ! ! ! ! !
OCH! ! D#&)($8$'*($+)!+8!)+X&4!/?6'*51$);!X*%$*)(1! ! ! BEB
! ! ! ! ! ! ! ! ! ! ! !
OCO! ! Z5(5%&!-+%0!! ! * * * * * BEB
! ! ! ! ! ! ! ! ! !
JMJMH* * I))'/'5026*8UU.FTA,/5(9$6$/26*("+(/%2/$(* * * * HjH*
JMJMF* * <C$*%56$*5;*8UU.H*20)*/C$*bT/$%B'0"(* * * * * HjF*
JMJM[* * U$(A"'07*/C$*!FFG$*905A9T5"/*20)*WFGHh!*P^_*A$66(* * * HjF*
JMJM[* * _"0A/'5026*AC2%2A/$%'V2/'50*5;*05&$6*KL*&2%'20/(** * * HjF*
! ! ! ! ! ! ! ! ! ! ! !
OCQ! ! A+)'451$+)1!! ! ! ! ! ! ! BEH!
*
QC! ! K&8&%&)'&1! ! ! ! ! ! ! BEO!
! ! ! ! ! ! ! ! ! ! ! !
QCB! ! [&,!%&1+5%'&1* * * * * * * BNE*
*
RC!! ! "33&)#$'&1! ! ! ! ! ! ! BNF!
! ! ! ! ! ! ! ! ! ! ! !
RCB! ! A.*$)6(&%:$)*($+)!1&U5&)'$);!3%$:&%1! ! ! BNN
! ! ! ! ! ! ! ! ! ! ! !
RC7! ! G&)&1!$)'45#&#!$)!(.&!A&;*(!3*)&4!*)#!/?\*1&! * 7VB
! ! ! ! ! ! ! ! ! ! ! !
YMFMH* * 4$72/*b$"%5)$7$0$%2/'50*#20$6** * * * * FGH*
YMFMF* * KL:2($*7$0$(*D'/C*26/$%$)*!b*$O#%$(('50*'0*KL*#2/'$0/(** * FGF
! ! ! ! ! ! ! ! ! ! ! !
RCH!! ! =*%$*)(1!'.&'0&#!8+%!1&;%&;*($+)!-$(.!/?! ! ! 7VR!
! !  9 
$X! I$1(!+8!8$;5%&1!
* * * * * * * * * * * *




Z$;5%&!7M*<C$*(/%"A/"%$*5;*8UU.FM* * * * * * * [G*
Z$;5%&!HC*15B5657,*B5)$6*5;*/C$*U5A4EU*)5B2'0*)'B$%M* * * * [F*
Z$;5%&!OC*15B5657,*B5)$6*5;*/C$*8UU.F*9'02($*)5B2'0M** * * * [[*
Z$;5%&!QC*<C$*4T/$%B'026*/2'6*#%5/%"('50(*5;*/"+"6'0M* * * * * JH*
* * * * * * * * * * * *
P*(&%$*41!*)#!P&(.+#1!! ! ! ! ! ! ! ! !
!
Z$;5%&!RC**<C$*,$2(/*/D5TC,+%')*(,(/$BM** * * * * * ]i*
Z$;5%&!EC*<C$*#$)'7%$$(*5;*/C$*KL*A5C5%/M* * * * * * jF*
Z$;5%&!FC*<C$*/C$5%,*5;*!E8'L*($Z"$0A'07M* * * * * * j[*
Z$;5%&!NC*!E8'L*($Z"$0A'07*$B"6('50*K4U*20)*$0%'ACB$0/M* * * * j]*
Z$;5%&!BVC*I0*2005/2/$)*$O2B#6$*5;*20*>W@*LbI*($Z"$0A$*2(*%$2)*+,*/C$*!E8'LJ*
* #62/;5%BM* * * * * * * * * i[*
Z$;5%&!BBC*I*#'#$6'0$*)'27%2B*5;*/C$*KL*A5C5%/*!bK*2026,('(M* * * * ij*
* * * * * * * * * * * *
K&154(1!HCB! ! ! ! ! ! ! ! ! ! ! !
!
Z$;5%&!B7C*450($%&2/'50*+$/D$$0*)';;$%$0/*/"+"6'0*'(5;5%B(M* * * * hG*
Z$;5%&!BHC*<C$*8UU.F*U5A4EU*)5B2'0*)5$(*05/*'0/$%2A/*D'/C*m?*n?*o*20)*l*/"+"6'0** *
* '(5;5%B(M* * * * * * * * * hF*
Z$;5%&!BOC*b5*'0/$%2A/'50*5AA"%(*+$/D$$0*2A/'0(*20)*8UU.FM* * * * h[*
Z$;5%&!BQC*<C$*U5A4EU*/20)$B*)5B2'0*20)*;"66*6$07/C*8UU.F*'0/$%2A/*D'/C*<3::?*
* <3::J*20)*<3::Y*4T/$%B'0'M* * * * * * hJ*
Z$;5%&!BRC*<C$*8UU.F*U5A4EUT/"+"6'0*'0/$%2A/'50*)5$(*05/*%$Z"'%$*/C$*$O/%$B$*4T
* /$%B'0'*5;*/"+"6'0*'(5;5%B(M** * * * * * h]*
Z$;5%&!BEC*<C$*/"+"6'0*I62[YJ*%$(')"$*'(*%$Z"'%$)*;5%*/C$*8UU.FT/"+"6'0*'0/$%2A/'50M* hY*
Z$;5%&!BFC*XT/"+"6'0*($Z"$0A$*26'70B$0/*5;*/C$*[YJ*%$(')"$*A50;$%%'07*/C$*8UU.F*
* '0/$%2A/'50M* * * * * * * * hj*
Z$;5%&!BNC*8,([YF*'(*%$Z"'%$)*;5%*/C$*U5A4EUT/"+"6'0*'0/$%2A/'50M* * * hj*
Z$;5%&!7VC*<C$*#5('/'&$*AC2%7$*2/*8,([YF*'(*'B#5%/20/*;5%*/C$*'0/$%2A/'50*+$/D$$0*8UU.F**
* 20)*+5/C*<3::*20)*<3::JM** * * * * * hi*  10 
Z$;5%&!7BC*P"6/'#6$*($Z"$0A$*26'70B$0/*(C5D'07*A50($%&2/'50*5;*<3::J*2B'05*2A')*
* ($Z"$0A$(M** * * * * * * * hh*
Z$;5%&!77C*P"/2/'50(*B'B'A9'07*#5(/T/%20(62/'5026*#C5(#C5%,62/'50*2/*I62[YJ*+65A9$)*/C$*
* '0/$%2A/'50*D'/C*<3::*20)*<3::JM* * * * * * HGG*
Z$;5%&!7HC*:65A9'07*#5(/T/%20(62/'026*B5)';'A2/'50*2/*8,([YF*)5$(*05/*2;;$A/*/C$*/"+"6'0T*
* 8UU.F*'0/$%2A/'50M* * * * * * * * HGH*
Z$;5%&!7OC*<C$*XT/"+"6'0*[YF*20)*[YJ*%$(')"$(*A50/%56*/C$*A50;5%B2/'50*5;*/C$*8UU.F*




Z$;5%&!7FC*<"+"6'0*'(5;5%B(*'BB"05#%$A'#'/2/$*'0*A5B#6$O$(M* * * * HGh*
* * * * * * * * * * * *
K&154(1!HC7! ! ! ! ! ! ! ! ! ! ! !
!
Z$;5%&!7NC*U5A*)5B2'0*)'&'('50*;%27B$0/(*02%%5DT)5D0*/C$*/"+"6'0T'0/$%2A/'50*%$7'50*5;**
* /C$*U5A*)5B2'0M* * * * * * * * HH]*
Z$;5%&!HVC*<C$*XT/"+"6'0T8UU.F*'0/$%2A/'50*'(*B$)'2/$)*+,*/C$*;'%(/*/C'%)*5;*/C$*U5A
* )5B2'0M* * * * * * * * * HHY*
Z$;5%&!HBC*<C$*8UU.H*'0/$%2A/'50*D'/C*<3::?*<3::J*20)*<3::Y*'(*A50;$%%$)*+,*/C$**
* (2B$*%$(')"$(*2(*/C$*8UU.FTXT/"+"6'0*'0/$%2A/'50M* * * * HHj*
Z$;5%&!H7C**I620'0$*+65A9*(A20*5;*/C$*8UU.F*U5AT/"+"6'0*'0/$%2A/'50*('/$M**** * HHh*
Z$;5%&!HHC*<C$*$Z"'&26$0/*65A2/'50*5;*/C$*8UU.F*U5A4EU*2620'0$*+65A9(*'0*/C$*U5A5*
* C5B5657,*B5)$6*D'/C*'0/$%026*20)*$O/$%026*%$(')"$(*'0)'A2/$)M* * HFG*
Z$;5%&!HOC*I6'70B$0/*5;*/C$*<3::JTU5A4EU*2620'0$*,$2(/*/D5TC,+%')*'0/$%2A/'50*




* #5('/'50(*/5*/C$*U5A*2%7'0'0$(M* * * * * * HFJ*
* * * * * * * * * * * *
K&154(1!HCH! ! ! ! ! ! ! ! ! ! ! !
!
Z$;5%&!HFC*<C$*XT/"+"6'0*8,([YF*8UU.F*+'0)'07*('/$*'(*0$2%*/D5*('/$(*5;*P<*(/2+'6'(2/'50M* H[G*
Z$;5%&!HNC*8UU.F*65A26'($(*#%$;$%$0/'266,*/5*7%5D/C*A50$(M* * * * H[H*
Z$;5%&!OVC*!FFG$*$O#%$(('50*A5%%$62/$(*'0&$%($6,*D'/C*/"+"6'0*2A$/,62/'50M** * H[F*
Z$;5%&!OBC*!FFG$*905A9T5"/*P^_*A$66(*%$&$26*)%2B2/'A*B5%#C5657'A26*AC207$(M* * H[[*  11 
Z$;5%&!O7C*<C$*#%5#5%/'50*5;*2A$/,62/$)*/"+"6'0*&2%'$(*D'/C*/"+"6'0*'(5;5%B*





* 26/$%*/C$*/"+"6'0*A50;'7"%2/'50*2/*/C$*8UU.F*+'0)'07*('/$M* * * H[i*
Z$;5%&!OEC*I*#%$6'B'02%,*A50A$0/%2/'50*7%2)'$0/*'0)'A2/$(*(/%507*2A$/,62/'50*'0*/C$*
* #%$($0A$*5;*HG*0P*#2A6'/2O$6* * * * * * H[h*
Z$;5%&!OFC*8UU.F*%$)"A$(*#2A6'/2O$6T'0)"A$)*2A$/,62/'50*'0*1^.*A$66(M* * * H[h*
* * * * * * * * * * * *
K&154(1!HCO! ! ! ! ! ! ! ! ! ! ! !
*
Z$;5%&!ONC*8'0927$*2026,('(*%$("6/(M* * * * * * * HJh*
Z$;5%&!QVC*I0*$O2B#6$*5;*%$7'50(*5;*/C$*$O5B$*D'/C5"/*A5&$%27$M* * * H]G*
Z$;5%&!QBC*<C$*'(B+%$*![FY*B"/2/'50M** * * * * * H][*
Z$;5%&!Q7C*<C$*<"''6*UjJJN*B"/2/'50M** * * * * * H]J*
Z$;5%&!QHC*<C$*CD'(,*8H[J_*B"/2/'50M* * * * * * * H]Y*
Z$;5%&!QOC*<C$*CEB.*UHFj4*B"/2/'50M* * * * * * * H]j*
Z$;5%&!QQC*15B5657,*B5)$6*5;*/C$*_qLJ*D'6)T/,#$*20)*&2%'20/*D'/C'0*/C$*4i*A,(/$'0$T%'AC*
* *******bT/$%B'026*)5B2'0M** * * * * * * H]i*
Z$;5%&!QRC*<C$*%<E6!*>hHYP*20)*WHGH]U*B"/2/'50(M** * * * * H]h*
Z$;5%&!QEC*<C$*%7#.*<[][I*B"/2/'50M*! ! ! ! ! ! ! HYH!
! !  12 
X! I$1(!+8!(*,4&1!
* * * * * * * * * * * *






* )2/2+2($M* * * * * * * * * JG*
* * * * * * * * * * * *
P*(&%$*41!*)#!P&(.+#1!! ! ! ! ! ! ! ! !
!
@*,4&!QC*K%5/$'0*A50($0("(*($Z"$0A$(M* * * * * * * Jj*
@*,4&!RC*<,#'A26*K4U*#2%2B$/$%(M* * * * * * * Jj*
@*,4&!EC*8UU.F*20)*8UU.H*A50(/%"A/*'0;5%B2/'50M* * * * * Ji*
@*,4&!FC*4,/5(9$6$/26*A50(/%"A/*'0;5%B2/'50M* * * * * * Jh*
@*,4&!NC*!$Z"$0A'07*#%'B$%(M* * * * * * * * ][*
@*,4&!BVC*!'/$T)'%$A/$)*B"/27$0$('(*#%'B$%(M* * * * * * ]]*
@*,4&!BBC*K%'B$%(*"($)*'0*/C$*8UU.F*U5A4EU*2620'0$*(A20M* * * * ]Y*
@*,4&!B7C*<,#'A26*$O#$%'B$0/26*A50)'/'50(*;5%*/%20(;$A/'50*5;*HG*AB*20)*Y*AB**
* )'(C$(M* * * * * * * * * * YF*
@*,4&!BHC*<C$*#%'B2%,*20/'+5)'$(*"($)*'0*'BB"05;6"5%$(A$0A$M* * * * Y]*
@*,4&!BOC*<C$*#%'B2%,*20/'+5)'$(*"($)*'0*N$(/$%0*+65//'07M* * * * Yi*
@*,4&!BQM*<C$*KL:*(/%"A/"%$(*"($)*'0*B56$A"62%*B5)$66'07*;'7"%$(M* * * Yh*
@*,4&!BRM*I*)$(A%'#/'50*5;*/C$*A5C5%/*"($)*'0*6'0927$*2026,('(M* * * * jG*
@*,4&!BEC*<C$*A6'0'A26*)2/2*;5%*$2AC*5;*/C$*KL*;2B'6'$(M* * * * * jH*
@*,4&!BFC*<C$*2B#6';'A2/'50*K4U*A50)'/'50(M** * * * * * jj*
@*,4&!BNC*<C$*AC2'0*/$%B'02/'50*($Z"$0A'07*A50)'/'50(M** * * * ji*
@*,4&!7VC*U$)"A/'50*'0*#5/$0/'26*#2/C57$0'A*!bK(*;5665D'07*$2AC*#%'B2%,*;'6/$%'07*(/27$M*iG*
@*,4&!7BC*L2/2+2($(*20)*6'/$%2/"%$*B'0'07*(5;/D2%$*"($)*/5*($6$A/*&2%'20/(*;5%**
* ;"%/C$%*2026,('(M* * * * * * * * * iJ*
@*,4&!77C*!5;/D2%$*#%$)'A/'07*!bK*#2/C57$0'A'/,*"($)*2(*#2%/*5;*/C$*KL*&2%'20/** *
* ')$0/';'A2/'50*#%5A$((M* * * * * * * * i]*
*
*
*  13 
* * * * * * * * * * * *
K&154(1!HCB! ! ! ! ! ! ! ! ! ! ! !
!
@*,4&!7HC*U5A*>K*/"+"6'0*'0/$%2A/5%(M* * * * * * * hH*
@*,4&!7OC*<C$*%$(')"$(*'0&56&$)*'0*/C$*8UU.FT/"+"6'0*'0/$%2A/'50M* * * HGj*
* * * * * * * * * * * *




* #2/C57$0'A'/,*%$("6/(M** * * * * * * * H]F*
*





























































































































! !  17 
BC!D)(%+#5'($+)!
































#2/CD2,*R&'2* )5#2B'0$* H* %$A$#/5%(S* 20)*20*'0C'+'/5%,* 2;;$A/*50*/C$*'0)'%$A/*#2/CD2,* R&'2*
)5#2B'0$* F* %$A$#/5%(Sg* 'M$M* )5#2B'0$%7'A* '0#"/(* '0A%$2($* B5/5%* 2A/'&'/,M* 4C56'0$%7'A*  19 
'0/$%0$"%50(*#%5k$A/'07*;%5B*/C$*A5%/$O*C2&$*/C$*5##5('/$*$;;$A/M*<C$($*0$"%5/%20(B'//$%(*
20)*#2/CD2,(*2A/'07*'0*(,0$%7,*$02+6$*A50/%566$)?*(/$2),*B5&$B$0/(*R_'7"%$*HISM*N'/C5"/*
)5#2B'0$?* %$)"A$)* 2A/'&'/,* '0* /C$* )'%$A/* #2/CD2,* 20)* '0A%$2($)* 2A/'&'/,* '0* /C$* '0)'%$A/*






+$/D$$0* /C$* (/%'2/"B* 20)* /C$* /C262B"(M* \C* I6/$%$)* B5/5%* A'%A"'/* 2A/'&'/,* '0* KL* #2/'$0/(*
;5665D'07* )$A%$2($)* )5#2B'0$%7'A* '0#"/(M* >0A%$2($)* 2A/'&'/,* '(* '0)'A2/$)* +,* 62%7$%* 2%%5D(?*








26M?* FGGFg* :%272* $/* 26M?* FGHJSM* :%2'0* 2"/5#('$(* A5B#2%'07* '0)'&')"26(* D'/C* 20)* D'/C5"/* KL*
')$0/';'$)*!b*#2/C5657,*2(*/C$*/C'%)*(/27$*'0*2*('OT(/27$*#2//$%0*5;*)$7$0$%2/'50*DC'AC*+$7'0(*














+5)'$(?* 26/$%$)* B$/26* C5B$5(/2('(?* 5O')2/'&$* (/%$((?* B'/5AC50)%'26* ),(;"0A/'50* 20)*
0$"%5'0;62BB2/'50*R%$&'$D$)*+,*<566$(50*20)*_207?*FGH[SM*<C$*AC266$07$*;5%*%$($2%AC$%(*'(*/5*
')$0/';,* DC'AC* #2/CD2,(* A2"($* 0$"%5)$7$0$%2/'50* 20)* DC'AC* 2%$* /%'77$%$)* 2(* #2%/* 5;* /C$*
)$7$0$%2/'&$*#%5A$((M*
BCBC7!! ><:3(+:1!
<C$* A62(('A26* B5/5%* (,B#/5B(* '0A6")$* %$(/'07* /%$B5%?* +%2),9'0$('2?* %'7')'/,* 20)* #5(/"%26*
'0(/2+'6'/,M*<C$,*%$("6/*;%5B*)2B27$*/5*B5/5%*#2/CD2,*A50/%56*R;'7"%$*HS*R%$&'$D$)*'0*.5%AV,0*
20)* W"%$&'AC?* FGHGg* K2%9'0(50?* HiHjS* 20)* +$A5B$* 2##2%$0/* 506,* DC$0* YGTiGu* 5;*
)5#2B'0$%7'A*0$"%50(*C2&$*)'$)*R:$%0C$'B$%*$/*26M?*Hhj[g*4C$07*$/*26M?*FGHGSM**15D$&$%?*2(*
B$0/'50$)*#%$&'5"(6,?*6$('50(*'0*KL*#2/'$0/(Q*;5665D*2*(#$A';'A*#2//$%0*'0*DC'AC*B5/5%*)$A6'0$*
5AA"%(* '0* /C$* /C'%)* (/27$M* <C$%$;5%$* #%$B5/5%* ($0(5%,?* 2"/505B'A* 20)* 0$"%5#(,AC'2/%'A*

















5;*)$&$65#'07*KL*RW5%$66*$/*26M?*HhhjSM*P$20DC'6$*%"%26*6'&'07*20)*#$(/'A')$(*C2&$*+$$0*(C5D0*  21 
/5*#62,*2*A2"(2/'&$*%56$*'0*KL?*%$("6/'07*'0*2*HM[T[*/'B$(*'0A%$2($)*6'9$6'C55)*5;*)$&$65#'07*/C$*
)'($2($* R<200$%* $/* 26M?* FGHHg* 45(/$665* $/* 26M?* FGGhg* K%',2)2%(C'* $/* 26M?* FGGGSM* K$(/'A')$(* 2%$*






















D2(* 05/* "0/'6* HhhJ* /C2/* 2* ;2B'6'26* A5B#50$0/* /5* KL* D2(* )$(A%'+$)* RK2,2B'* $/* 26?* HhhJg*






"0/'6* "0)$%(/20)'07* 5;* /C$* B$AC20'(B(* +$C'0)* /C$* )'($2($* 'B#%5&$(M* <%$2/B$0/(* 2'B* /5*
'0A%$2($*)5#2B'0$*6$&$6(*'0*/C$*+%2'0?*%$)"A$*/C$*$;;$A/*5;*)5#2B'0$*5&$%652)*'0*/C$*%$(/*5;*




'0A%$2('076,* "($)* '0* A2($(* DC'AC* A2005/* +$* A50/%566$)* +,* B$)'A2/'50* 5%* '0* #2/'$0/(* /C2/*





$O#$%'$0A$)* #$%('(/$0/* 'B#%5&$B$0/(* '0* B5/5%* A50/%56?* D'/C5"/* ),(9'0$('2(* 5%* 'BB"0$*
%$(#50($(*RK26;'*$/*26?*FGHJg*A6'0'A26*/%'26*b4<GGYFj]iiSM**
!"#! ! !"#"$%&'()*(+,!!






* *  23 
PARK 
Locus 
Approved     
Symbol 
Protein  Location  Inheritance  Initial study 
PARK1/4  SNCA  !-synuclein,  4q21.3-q22  D  Polymeropoulos, 1996 
PARK2  PARK2  parkin  6q25.2-q27  R  Matsumine, 1997 
PARK3  PARK3  ?  2p13  D  Gasser, 1998 
PARK5  UCHL1  ubiquitin carboxyl-
terminal esterase L1 
4p13  D  Leroy, 1998 
PARK6  PINK1  PTEN-induced 
kinase 1 
1p36.12  R  Valente, 2001 
PARK7  PARK7  DJ-1  1p36.23  R  van Duijn, 2001 
PARK8  LRRK2  leucine-rich repeat 
kinase 2 
12q12  D  Funayama, 2002 
PARK9  ATP13A2  ATPase type 13A2  1p36  R  Hampshire, 2001 
PARK10  PARK10  ?  1p32  R  Hicks, 2002 
PARK11  PARK11  ?  2q36-q37  D  Pankratz, 2003b 
PARK12  PARK12  ?  Xq21-q25  X  Pankratz, 2003a 
PARK13  HTRA2  HtrA Serine 
Peptidase 2 
2p13.1  D  Strauss, 2005 
PARK14  PLA2G6  phospholipase A2, 
Group VI 
22q13.1  R  Paisan-Ruiz, 2009 
PARK15  FBXO7  F-box protein 7  22q12.3  R  Shojaee, 2008 
PARK16  PARK16   ?  1q32  ?  Satake, 2009 
PARK 17  VPS35  vacuolar protein 
sorting 35 homolog 
16q12  D  Vilarino-Guell, 2011 
PARK18  EIF4G1  eukaryotic 
translation initiation 
factor 4 gamma, 1 
3q27.1  D  Chartier-Harlin, 2011 
@*,4&! BC! G&)&($'! 4+'*($+)1! 4$)0&#! (+! /?! (.%+5;.! 4$)0*;&! *)#! *11+'$*($+)! 1(5#$&1M* <C$*
vK2%9'0(50Q(*7$0$*;2B'6,Q*2(*)$/$%B'0$)*+,*/C$*1"B20*7$0$*5%720'(2/'50*7$0$*05B$0A62/"%$*
A5BB'//$$*R1WP4SM*85A'*'0*+56)*C2&$*+$$0*'0)$#$0)$0/6,*A50;'%B$)*('0A$*/C$,*D$%$*;'%(/*
%$#5%/$)?* /C5($* 05/* '0* +56)* 2%$* A"%%$0/6,* "0A50;'%B$)* R.6$'0* 20)* N$(/$0+$%7$%* FGHFSM*




#2/C57$0'A* B$AC20'(B(* 5;* /C$* )'($2($?* '0)'A2/'07* B"6/'#6$* #2/CD2,(* /C2/* A50/%'+"/$* /5*
#2/C57$0'A'/,* '0* KLM* <C$($* '0A6")$* 6,(5(5B26* ;"0A/'50* RI<KH[IF?* W:IS?* 6'#')* +'5(,0/C$('(*
RK8IFWYS?* #%5/$'0* /%20(62/'50* R^>_JWH?* 8UU.FS?* &$('A6$* /%2;;'A9'07* R@K![]?* 8UU.FS?*






@2%'20/(* 5;* %&'(5) !""#$) 20)) 1+%23* C2&$* +$$0* ;5"0)* /5* A2"($* KL* ;5665D'07* )5B'020/*
'0C$%'/20A$* '0* B"6/'#6$* ;2B'6'$(* R%$&'$D$)* '0* L2AC($6* 20)* _2%%$%* FGHGg* KC'6(/%xB* 20)*<5;/?*























HTFu* ]GTYG* zJG* "0A50;'%B$)?* j*
A50;'%B$)?* F* %'(9*
&2%'20/(*
!65D* #%57%$(('50?* {* 8$D,*
+5)'$(* 20)* 0$"%5;'+%'662%,*
/2076$(*
!"#$*+( 1+%23) yHu* yHu* |]G* H* 4"%%$0/6,*6'//6$*)2/2*
@*,4&! 7C! "! 15::*%<! +8! '.*%*'(&%$1($'1! +8! '+)8$%:&#! *5(+1+:*4! #+:$)*)(! /?! '*1&1C* <C$*
;%$Z"$0A,*'0*C$%'/2+6$*20)*(#5%2)'A*A2($(?*"("26*27$*5;*50($/*RIIES?*0"B+$%*5;*#2/C57$0'A*








/C2/* '0A%$2($)* #%5/$'0* )5($* '(* #2/C57$0'A* R!'076$/50* $/* 26M?* FGG[SM* b2/'&$6,* (56"+6$* 20)*
"0;56)$)?*!T(,0"A6$'0*2)5#/(*2*($A50)2%,*(/%"A/"%$*506,*DC$0*+5"0)*/5*'0/$%2A/'50*#2%/0$%(M*















FGGYSM*<C$%$*2%$*('O*2))'/'5026*A2"(2/'&$*B"/2/'50(*20)*/D5*%'(9*&2%'20/(M*RI2(6,*$/*26M?*FGHGSM*  25 











@2A"562%* #%5/$'0* (5%/'07* []* R1+%23S* 7$0$* $0A5)$(* 2* ("+"0'/* 5;* /C$* %$/%5B$%* A5B#6$O?* 2*
































































Hu* yHu* FG(T[G(* J* +%2),)2A/,6,?*
#(,AC'2/%'A*(,B#/5B(?*
(C5%/*(/2/"%$*




!"#$*'( +!($96) yHu* yHu* <$$027$TFG(* Y* L,(/50'2?*)$B$0/'2?*
;%50/5/$B#5%26*
2/%5#C,*





C$%'/2+6$* 20)* (#5%2)'A* A2($(?* "("26* 27$* 5;* 50($/* RIIES?* 0"B+$%* 5;* #2/C57$0'A* B"/2/'50(*
A"%%$0/6,* ')$0/';'$)* 20)* 20,* 2))'/'5026* ;$2/"%$(* 2((5A'2/$)* D'/C* /C$* )'($2($* #C$05/,#$*




( ( *)#!!"#$*14!  27 
!$&$%26* 5;* /C$* #%5/$'0(* 6'09$)* D'/C* ^EKL* 2%$* '0&56&$)* '0* 0$"%5#%5/$A/'50* 20)* B'/5#C27,*
'0'/'2/'50-*#2%9'0*R+("#$S?*K>b.H*R+("#6S?*LdTH*R+("#4S*20)*_:tEj*R+("#,3SM**
*
30)$%* 05%B26* A50)'/'50(?* /C$* ($%'0$p/C%$50'0$* 9'02($* K>b.H* '(* %2#')6,* )$7%2)$)* 2/*
B'/5AC50)%'2*R8'0*20)*.207?*FGGiSM*L2B27$)*B'/5AC50)%'2*"0)$%75*B$B+%20$*)$#562%'(2/'50*
DC'AC* '0C'+'/(* K>b.H* )$7%2)2/'50M* <C$* ("+($Z"$0/* 2AA"B"62/'50* 5;* K>b.H* 6$2)(* /5* #2%9'0*
%$A%"'/B$0/* /5* /C$* B'/5AC50)%'2* 20)* #C5(#C5%,62/'50* RP2/(")2* $/* 26M?* FGHG2g* FGHG+g*






(C'$6)'07* 0$"%50(* ;%5B* '0("6/(* '0A6")'07* !T(,0"A6$'0* /5O'A'/,?* #%5/$2(5B26* ),(;"0A/'50* 20)*
5O')2/'&$*(/%$((*R_$20,*20)*K26620A9?*FGG[g*<5))*20)*!/2&$6$,?*FGGiSM*
*































)$/$A/$)*D'/C'0*;2B'6'$(M* 450;'%B$)* %'(9T$0C20A'07* 7$0$(* '0A6")$* %&'(5) !""#$5) ;(+7)20)*
9:(M**
BC7CHCB! 56"!





5%* 76"A5A$%$+%5(')$?* 26/$%'07* /C$* A5B#5('/'50* 5;* B$B+%20$(* 20)* 6$2)'07* /5* A,/5(56'A*
277%$72/'50* 5;* !T(,0"A6$'0* R:%5A9B200* $/* 26M?* FGHFg* P2VV"66'* $/* 26M?* FGHHg* b'AC56(* $/* 26M?*
FGGh+SM**
BC7CHC7! 7"!8!
;(+7* $0A5)$(* <2"?* 2* B'A%5/"+"6$* 2((5A'2/$)* #%5/$'0* RPIKS* '0&56&$)* '0* B2'0/2'0'07* /C$*
5%720'V2/'50*20)*'0/$7%'/,*5;*/C$*A,/5(9$6$/50M*;(+7*%'(9*&2%'20/(*;5%*KL*C2&$*+$$0*'0)$0/';'$)*
+,* WNI!M* RK2(/5%* $/* 26M?* FGGHg* 1$26,* $/* 26M?* FGGJSM* <2"* '(* 05/* 506,* 'B#6'A2/$)* '0* KL?* +"/*
'0A6"('50(*2%$*26(5*;5"0)*'0*B"6/'#6$*0$"%5)$7$0$%2/'&$*)'($2($(*20)*/2"5#2/C'$(*'0A6")'07*
I6VC$'B$%Q(*)'($2($?*(#5%2)'A*A5%/'A5+2(26*)$7$0$%2/'50?*#%57%$(('&$*("#%20"A6$2%*#26(,?*20)*
K'A9s(* )'($2($* R%$&'$D$)* +,* 8$$* $/* 26M?* FGGHSM* 1,#$%#C5(#C5%,62/$)* ;5%B(* 5;* /C$* #%5/$'0*

























#2/C57$0'A) !""#$) B"/2/'50(* )5* 05/* (C5D* /C$* (2B$* /5O'A'/,* DC$0* '0/%5)"A$)* '0/5* !""#,*
RW%$77'5*$/*26M?*FGGjSM*







Z$;5%&! 7C! @.&! 1(%5'(5%&! +8! IKKL7C* !AC$B2/'A* )'27%2B* 5;* /C$* 8UU.F* ;"0A/'5026* )5B2'0(-*
I%B2)'665*%$#$2/(*RI%BS?*I09,%'0T%'AC*%$#$2/(*RI09S?*8$"A'0$T%'AC*%$#$2/(*R8UUS?*U2(*5;*A5B#6$O*





<C$* U2(* 5;* A5B#6$O* #%5/$'0(* RU5AS* )5B2'0* '(* 2* W<K2($M* >/* '(* 26D2,(* $O#%$(($)* D'/C* 2*
("+($Z"$0/* 4T/$%B'026* 5;* U5A* R4EUS* )5B2'0* DC'AC* '(* /C5"7C/* /5* ;2A'6'/2/$* )'B$%'(2/'50*
RW5//C2%/*$/*26M?*FGGig*!$0*$/*26M?*FGGhSM*<C'(*U5A4EU*/20)$B*)5B2'0*'0)'A2/$(*8UU.F*'(*#2%/*5;*
/C$*UE4E*("+;2B'6,*5;*U2(TW<K2($*#%5/$'0(*R8$D'(?*FGGhg*<2,B20(?*FGHFg*:5(7%22;*20)*@20*







FGHFSM* L"$* /5* /C$'%* C'7C* 7"205('0$* 0"A6$5/')$* 2;;'0'/,?* /C$($* A50&$0/'5026* (B266* W<K2($(*
%$Z"'%$*2AA$((5%,*W^_(*R7"20'0$*0"A6$5/')$*$OAC207$*;2A/5%(S*20)*WIK(*RW<K2($*2A/'&2/'07*
#%5/$'0(S* /5* A2/26,($* /C$* WLKpW<K* $OAC207$M* !5B$* $&')$0A$* #5'0/(* /5* #"/2/'&$* 8UU.FT




Arm  LRR  Ank  Roc  COR  Kinase  WD40  1 









R1441C/G/H   31 














W%$77'5* $/* 26M?* FGGig* !$0* $/* 26M?* FGGhS?* C5D$&$%* )'B$%'(2/'50* C2(* 05/* +$$0* #%5&$0* /5* +$*
7"205('0$* 0"A6$5/')$T)$#$0)$0/* R:'5(2* $/* 26M?* FGH[g* <2,B20(* $/* 26M?* FGHHS* 20)* 26/C5"7C*





















("%;2A$?* )$B50(/%2/'07* /C$* #%$)'A/$)* )'B$%* (/%"A/"%$* 5;* 8UU.F* ;"0A/'50'07* 2(* 2* WT#%5/$'0*

























Arg1441  Asn1437 
Tyr1699 
COR 2  A  B 
Arg1398   33 
BCHCBC7!! L$)*1&!#+:*$)!











26M?* FGGjg* 8"V50T<5%5* $/* 26M?* FGGjg* N$(/* $/* 26M?* FGG]g* FGGjS?* DC'6$* D5%9* 50* !FFG$* WFGHh!*









Z$;5%&! OC! a+:+4+;<! :+#&4! +8! (.&! IKKL7! 0$)*1&! #+:*$)C* "C* <C$* '02A/'&$* 9'02($* )5B2'0*
("%;2A$?*)$B50(/%2/'07*/C$*$O/$%026*$Z"'&26$0/*65A2/'50*5;*/C$*#2/C57$0'A*KL*B"/2/'50(M*\C*
A  B 
Gly2019 
Ile2020   34 
U'++50*B5)$6*5;*/C$*'0/$%026*(/%"A/"%$*D'/C*/C$*$Z"'&26$0/*65A2/'50*5;*/C$*#2/C57$0'A*WFGHh!*






















15D$&$%?* 8UU.F* '(* 26(5* C'7C6,* $O#%$(($)* '0* 6"07(* 20)* 9')0$,(M* >0)$$)?* /C$* (/%507$(/*
)$7$0$%2/'&$*#C$05/,#$*'0*!FFG$*905A9T5"/*B'A$*)$&$65#(*'0*/C$($*5%720(M*<C$*2B+'7"5"(*
;"0A/'50*5;*8UU.F*2(*D$66*2(*C'7C*$O#%$(('50*5"/(')$*/C$*4b!*B29$(*'/*"0A6$2%*';*8UU.F*9'02($*



















C$6'A$(* 20)* 2%$* 5;/$0* '0&56&$)* '0* #%5/$'0* '0/$%2A/'50(?* B$)'2/'07*)'&$%($*A$66"62%*;"0A/'50(*
R@20A%2$0$0+%5$A9*$/*26M?*FGHFg*.5+$*20)*.2k2&2?*FGGHSM*P'66(*20)*A566$27"$(*RFGHFS*#%5#5($*











2%$* #"/2/'&$* #2/C57$0'A* KL* B"/2/'50(* '0* $2AC* )5B2'0* +"/* /C$* 506,* A50;'%B$)* ('/$* '(* /C$*
WF[i]U*%'(9*;2A/5%*50*/C$*("%;2A$*5;*/C$*NLJG*)5B2'0*R<20*$/*26M?*FGGYS?*/C$*62%7$*2%7'0'0$*













#5A9$/M* 8UU.F* A50/2'0'07* /C$* WFGHh!* B"/2/'50?* 2* 9'02($* 2A/'&'/,* $0C20A$%?* 26(5* $0C20A$(*














FGGhg*d5%7$0($0*$/*26M?*FGGhSM*<C$* NLJG*)5B2'0*#62,(* 20* '0/$%$(/'07* %56$g* d5%7$0($0* 20)*
A566$27"$(* RFGGhS* ;5"0)* /C2/* /C$* 65((* 5;* /C$* 8UU.F* NLJG* )5B2'0* 05/* 506,* 2+%572/$)*
2"/5#C5(#C5%,62/'50* +"/* 26(5* 266* KL* B"/2/'50T'0)"A$)* 0$"%5/5O'A'/,* '0* V$+%2;'(C?* DC'6$*











20)*B$B+%20$(*RW'$($%/*$/*26M?*FGH[g*W26/$%*$/*26M?*FGGYg P'965((,*$/*26M?*FGGYSM*>0/$%$(/'076,?*'0*  37 
1^.*A$66(*20)*C"B20*6,B#C5+62(/(*/C$*B$B+%20$T+5"0)*8UU.F*C2(*'0A%$2($)*)'B$%'V2/'50*
6$&$6(?*9'02($*2A/'&'/,*20)*W<K*+'0)'07*+"/*%$)"A$)*6$&$6(*5;*#C5(#C5%,62/'50*DC$0*A5B#2%$)*







30)$%* 05%B26* A50)'/'50(* 8UU.F* %$7"62/$(* 2"/5#C27,?* '0)"A'07* '0A%$2($)* 2"/5#C275(5B$*
#%5)"A/'50* RW5B$VT!"272* 20)* 1'6;'9$%?*FGHFSM* <C$($* 2"/5#C275(5B$(* ;"($* D'/C* 6,(5(5B$(*
DC$%$*/C$'%*A50/$0/(*2%$*)$7%2)$)M*P'A$*D'/C*/C$*!FFG$*WFGHh!*B"/2/'50*;$2/"%$*2"/5#C27'A*
20)* B'/5AC50)%'26* 2+05%B26'/'$(?* D'/C* 20* 2AA"B"62/'50* 5;* 2"/5#C27'A* &2A"56$(?* (D566$0*
6,(5(5B$(?* B"6/'&$('A"62%* +5)'$(* 20)* )'(/$0)$)* B'/5AC50)%'2?* 2AA5B#20'$)* +,*
C,#$%#C5(#C5%,62/$)* /2"* RP2A8$5)* $/* 26M?* FGGYg* U2B50$/* $/* 26?* FGHHSM* KL* +%2'0(* (C5D*
'B#2'%B$0/(* '0* 6,(5(5B26* B$B+%20$* (/2+'6'/,?* 6,(5(5B$* 2A')';'A2/'50?* 6,(5(5B26* $0V,B$*












































D0/* ('70266'07* 20)* A2050'A26* D0/* ('70266'07* 2A/'&'/,* '(* %$)"A$)* +,* #2/C57$0'A* B"/2/'50(*







%$62/$)* )$A6'0$* '0* 2+'6'/,* 5;* )5#2B'0$%7'A* A$66(* /5* B2'0/2'0* A$66"62%* C5B$5(/2('(* 20)*


































26M?*FGHJSM*  40 
!
BCHCOCBC7!! @5,54$)!!
P<(* 2%$* A5B#5($)* 5;* !T* 20)* XT/"+"6'0* )'B$%(?* DC'6$* %T?* &T?* 20)* #T* /"+"6'0* '(5;5%B(* 2%$*









!! '! %! &! #!
7D:(,(* 7D::) 7D:B,* 7D:<,* 7D:9,*
7D:(,:* 7D::,) )* )* 7D:9$*
7D:(,'* 7D::$() * * *
7D:(2B* 7D::$:) * * *
7D:(2<* 7D::$'-.:) * * *
7D:(.(* 7D::2) * * *
7D:(0* 7D::.) * * *





<"+"6'0* '(5;5%B(* (C5D* )'(A%$/$* $O#%$(('50M* <C$%$* '(* C'7C* $O#%$(('50* 5;* <3::FI?* <3::F:?*









P<(* 2%$* A5B#5($)* 5;* 26/$%02/'07* )'B$%(* 5;* !T* 20)* XT/"+"6'0?* DC'AC* 2((5A'2/$* /5* ;5%B*
#%5/5;'62B$0/(*R85#2/2*20)*46$&$620)?*HhijSM*82/$%26*A500$A/'50(*+$/D$$0*/C$($* ;'62B$0/(*
;5%B*/C$*P<M*I6/C5"7C*P<(*#%$)5B'020/6,*A50/2'0*H[*#%5/5;'62B$0/(?*/C$,*A20*+$*)';;$%$0/*



































‘Up-state’  ‘Down-state’ 
B  C 
protofilament 
Microtubule  







R'0;62BB2/5%,* #%57%2BB$)* A$66* )$2/CS* R!26'02(* $/* 26M?* FGHJg* :2//2AC2%,2* 20)* 42+%26* FGGJg*
FGGhSM*I*%$A$0/*#2#$%*$6$720/6,*')$0/';'$)*B"6/'#6$*B5/5%T#%5/$'0*AC2%2A/$%'(/'A(*DC'AC*2%$*
75&$%0$)*+,*/"+"6'0*'(5;5%B*20)*#5(/T/%20(62/'5026*B5)';'A2/'50?*'0A6")'07*'0A%$2($)*9'0$('0TH*
B5/'6'/,* 50* #56,76"/2B,62/$)* <3::[* 20)* 2* %$Z"'%$B$0/* ;5%* )$/,%5('02/$)* !T/"+"6'0* ;5%*
9'0$('0TF*/%20(#5%/*R!'%2k"))'0*$/*26M?*FGHJSM*_'0266,?*/C$*PIKH:?*PIKF*20)*/2"*2;;'0'/,*;5%*P<(*















20)* 7"')20A$M* <C$,* '0&56&$* B"6/'#6$* /"+"6'0* '(5;5%B(* ("AC* 2(* <3:IHI?* <3::?* <3::FI?*
<3::F:?*<3::[?*<3::J*20)*<3:WH*R."B2%*$/*26M?*FGHGg*1'9'/2*$/*26M?*FGHJg*.$2,(*$/*26M?*FGGjg*





*  43 
























FGHJSM* I))'/'50266,?* 8UU.F* A565A26'($(* D'/C* XT/"+"6'0* '0* 1^.* A$66(* RW65$90$%* $/* 26M?* FGGYg*
W'662%)50?*FGGhSM*42$(2%*20)*A566$27"$(*;5"0)*/C2/*'0A"+2/'07*8UU.F*D'/C*P<(*'0*2*A$66T;%$$*








K2/C57$0'A*!""#$*B"/2/'50(*C2&$*+$$0*')$0/';'$)*'0*+5/C*;2B'6'26*20)*(#5%2)'A*KL?*A2"('07*2*  44 
























o  :,* A5B#2%'07* C'7C6,* C5B56575"(* /"+"6'0* ($Z"$0A$(* /5* ')$0/';,* #5/$0/'26*
%$(')"$(*DC'AC*)';;$%*+$/D$$0*'0/$%2A/'07*20)*050T'0/$%2A/'07*'(5;5%B(*




•  <5* "($* 2* A,/5(9$6$/50T(#$A';'A* ;'O2/'50* /$AC0'Z"$* 20)* A50;5A26* 'B27'07* /5* ')$0/';,*
DC$%$*8UU.F*+'0)(*P<(*'0*&'/%5M*




KL*#2/'$0/*LbIM*  45 
7C!P*(&%$*41!*)#!P&(.+#1*
!
  !  46 
!"#$! ! !"#"$%&'(#)(*)+,%-.'/)0(#-&$10&-)!










;%27B$0/* +$/D$$0M* _'%(/* /C$* ALbI* '(* )$02/"%$)* "('07* C'7C* /$B#$%2/"%$?* +%$29'07* /C$*




#%'B$%(* )5* 05/* +'0)M* <C$* /$B#$%2/"%$* '(* /C$0* %2'($)* /5* /C$* 5#/'B26* /$B#$%2/"%$* ;5%* /C$*







* *  47 
*
G&)&! A+)1&)151!>&U5&)'&! G&)&! A+)1&)151!>&U5&)'&!
9##$%( bP~Hhi]ji* 8:66%.( bP~GGYGii*
9##$*( bP~GFJY]FM[* 8:66;( bP~GGYGiY*
8:6"*"( bP~GGYGGhMF* 8:66'( bP~GGYGij*
8:6"*6( bP~GGYGiFMF* 8:66/( bP~G[F]F]*
8:6"*.( bP~G[FjGJM[* 8:6<*( bP~GHYFYHM[*
8:6"'"( bP~GGYGGG* 8:6=*( bP~GHYFYFMJ*
8:66( bP~HjiGHJ* 8:65*( bP~GGHGjG*
8:66*( bP~G[Gjj[M[* 8:65%( bP~GHYJ[jMF*
8:66%"( bP~GGHGYh* ".86( bP~GGHHGHM[*














>(*;&! @&:3&%*(5%&!! @$:&! A<'4&1!


















Primer (5’-3’)  Restriction 
site 

































































































Vector  cDNA Insert  Primer 
direction 
Primer (5’-3’)  Restriction 
site 















































































tC5>*  49 
truncation*

















































































































































2665D$)*/5*A556*+$;5%$*HG*6*5;*!\:U*!2;$*LbI*W$6*!/2'0*R>0&'/%57$0S*D2(*2))$)M*<C'(*),$*+'0)(*  50 
/C$*B'05%*7%55&$*5;*)5"+6$*(/%20)$)*LbI?*2+(5%+(*+6"$*;6"5%$(A$0/*6'7C/*20)*$B'/(*7%$$0*













]G}4M* E0$* 7$6* &56"B$* 5;* '(5#%5#2056* D2(* 2))$)* /5* #%$A'#'/2/$* /C$* LbI* 20)* /C$* (56"/'50*
2##6'$)*/5*2*f'2f"'A9*(#'0*A56"B0*B2/%'OM*<C$*LbI*+5"0)*/C$*A56"B0*)"%'07*A$0/%';"72/'50*






















R>0&'/%57$0S* D2(* /C$0* 2))$)?* )'&')'07* /C$* )'7$(/(* '0/5* 2Z"$5"(* RLbIS* 20)* 5%720'A* #C2($(*
R$0V,B$(?*+";;$%(*20)*'B#"%'/'$(SM*_5665D'07*2*HG*B'0"/$*A$0/%';"72/'50*2/*HYHGG*O*7?* /C$*




























$0/$%*/C$*A$66(*+$;5%$*/C$*A$66(*D$%$*%$/"%0$)*/5*'A$*;5%*F*B'0"/$(M*<C$*+2A/$%'2*D$%$*/C$0*  52 













:%'$;6,-* F* B6* 5;* /C$* A"6/"%$* D2(* A$0/%';"7$)* 2/* HYHGG* O* 7* ;5%* [* B'0"/$(* 20)* /C$* #$66$/*
%$("(#$0)$)*'0*F]G*6*%$("(#$0('50*+";;$%*KH*RHG*BP*^L<I?*HGG*7pB6*Ub2($*I?*]G*BP*<%'(T
146?*#1*iMGS*/C$0*A5B+'0$)*D'/C*F]G*Ä6*6,('(*+";;$%*KF*RFGG*BP*b2E1?*Hu*!L!S?*;5665D$)*+,*












A50A$0/%2/'50* 5;* B'0'#%$#(* D'/C* /C$* A5%%$A/* ('V$)* '0($%/* D2(* A50;'%B$)* "('07* 2* 0205)%5#*
(#$A/%5#C5/5B$/$%* R<C$%B5* !A'$0/';'AS* 20)* [G* 6* 5;* FG* 07p6* #62(B')* LbI* D2(* ($0/* ;5%*
($Z"$0A'07M*
*





Vector  Direction  Primer name  Primer 
pACT2  _5%D2%)* W26J*IL* AATACCACTACAATGGATGATGTAT 
  U$&$%($* #I4<F*U$&* GAGGTTACATGGCCAAGAT  
pDS  _5%D2%)* 8$OI* CAGCAGAGCTTCACCATTGAAGGG 
  U$&$%($* #L!*U$&* CGGAATTAGCTTGGCTGCAAG 
pRK5  _5%D2%)* !KY* CAGCGAGCTCTAGCATTTAGG 




































_5665D'07* /C$* K4U* %$2A/'50?* /C$* /$B#62/$* ALbI* D2(* )'7$(/$)* "('07* L#0H* Rb$D* ^07620)*







* *  55 
*
Vector  Gene variant  Primer 
direction 
Primer (5’-3’) 

























































































































































































*  57 
<%20(A%'#/'50*5;*2*7$0$*'(*'0'/'2/$)*;5665D'07*2A/'&2/'50*5;*20*"#(/%$2B*2A/'&2/'50*('/$*R3I!S*+,*




LbI* 'BB$)'2/$6,* 2;/$%* /C$* W26J* #%5B5/5%* 20)* '(* "($)* 2(* 2* %$#5%/$%* 7$0$M* >/* $0A5)$(* XT
7262A/5(')2($?* 20* $0V,B$* /C2/* A6$2&$(* tT726* '0/5* 7262A/5($* 20)* ]T+%5B5TJTAC65%5T[T
C,)%5O,'0)56$*DC'AC*%2#')6,*5O')'($(*'0/5*/C$*+6"$?*'0(56"+6$*]?]sT)'+%5B5TJ?JsT)'AC65%5T'0)'75M*



























































ELYGG* 5;* GMY* I3?* 'M$M?* 7%5D/C* D2(* 5AA"%%'07* $O#50$0/'266,M* <C$* ,$2(/* D2(* C2%&$(/$)* +,*
A$0/%';"72/'50*2/*HYFGO*7*;5%*[*B'0"/$(*20)*/C$*#$66$/(*%$("(#$0)$)*'0/5*2*('076$*("(#$0('50*'0*























(56"/'50* RF* B7* tT726* R]T:%5B5TJTAC65%5T[T'0)56,6T:TLT7262A/5#,%205(')$S?* FG* 6* b?bT
)'B$/C,6;5%B2)'0$?*F*B6*qT+";;$%*RYG*BP*b2F1KEJ?*JG*BP*b21FKEJM1FE?*HG*BP*.46*20)*GMH*
BP* P7!EJMj1FES* 20)* ]MJ* 6* XTB$%A2#/5$/C2056SM* <C$* ;'6/$%T#2#$%p,$2(/* A5650'$(* D$%$*
'0A"+2/$)*2/*[j}4*'0*tT726*(56"/'50*"0/'6*/C$*,$2(/*A5650'$(*C2)*/"%0$)*+6"$?*/C$0*6$;/*/5*)%,*'0*2*





























/$(/* ;5%* (/2/'(/'A26* ('70';'A20A$M  Combined  data  from  a  minimum  of  three  independent 
experiments was used. p values are indicated (*, p < 0.05; **, p < 0.01; ***, p<0.001). Error 
bars represent the standard error of the mean (SEM).*
!"#! !"##"$%"&'()$$'(*$+*,)!!
1"B20* $B+%,50'A* 9')0$,* Fh[* R1^.Fh[S* 20)* C"B20* 0$"%5+62(/5B2* !1T!\]\* A$66(* D$%$*  61 
#"%AC2($)*;%5B*/C$*^"%5#$20*A566$A/'50*5;*A$66* A"6/"%$(M* <C$* !1T!\]\* A$66(* 5&$%$O#%$(('07*
8UU.F*D$%$*2*7';/*;%5B*d$20TP2%A*<2,B20(*R.3*8$"&$0S*20)*B2)$*+,*6$0/'&'%26*/%20()"A/'50?*
DC'6$*/C$*!FFG$*905A9*5"/*20)*D'6)T/,#$*B5"($*$B+%,50'A*;'+%5+62(/(*RP^_(S*D$%$*2*7';/*;%5B*
1"2'+'0*42'*Rb>1SM*They were derived from the dorsal skin of postnatal day 0 (P0) Lrrk2 wild-
type or knock-out mouse pups and immortalised by transduction using the SV40 T antigen. <C$*

























;5%* /C$* )'6"/'50* (/$#(M* HG* AB* A"6/"%$* )'(C$(* D$%$* ($$)$)* D'/C* F* O* HG
Y* A$66(* R"($)* '0*
'BB"05#%$A'#'/2/'50(SM*4$66(*D$%$*($$)$)*2(*'0*/2+6$*HFM*
*




Fugene  OptiMEM 
10 cm   F*O*HG
Y* i*7* HY*6* JGG*6*  62 
6 cm   jMF*O*HG
]* F*7* J*6* HGG*6*
@*,4&!B7C!@<3$'*4!&c3&%$:&)(*4!'+)#$($+)1!8+%!(%*)18&'($+)!+8!BV!':!*)#!R!':!#$1.&1C!
*
L'(C$(* D$%$* /%20(;$A/$)* DC$0* A$66* A50;6"$0A,* %$2AC$)* YGTjGuM* _"7$0$* 1L* /%20(;$A/'50*


















R100 mM NaCl, 50 mM Tris, pH 7.5, 1% (v/v) Triton X-100, 1! complete protease inhibitor 




  !  63 
7CHCO!! D::5)+3%&'$3$(*($+)!!






450(/%"A/(* /5* +$* /%20(;$A/$)* A50/2'0$)* 2* _8IW* 5%* B,A* ($Z"$0A$* /27* /5* 2')*
'BB"05#%$A'#'/2/'50* 20)* )$/$A/'50* 5;* /C$* #%5/$'0(M* :$2)(* D'/C* #"%';'$)* B"%'0$* >7WH*
B505A65026*20/'+5)'$(*A5&26$0/6,*2//2AC$)*/5*/C$*_8IWT/27*Rb\.bbbb.S*5;*/C$*/%20(;$A/$)*


















B'0"/$?* HYHGG* O* 7* A$0/%';"7$?* /C$* ("#$%02/20/* A566$A/$)* 20)* /C$* #%5/$'0* A50A$0/%2/'50*
)$/$%B'0$)*&'2*2*:%2);5%)*2((2,M*


























differentiation medium (SH-SY5Y-DMEM containing 1x non-essential amino acids, 5% (v/v) 
FBS, 1% (v/v) gentamycin and 10 µM retinoic acid) to a total of 2 x 10



















































































RIB$%(C2B* +'5(A'$0A$(SM* I* A50(/20/* &56/27$* 5;* H]G@* D2(* 2##6'$)* 2A%5((* /C$* /209* ;5%* hG*
B'0"/$(?*"0/'6*/C$*62))$%*C2)*%"0*/C$*6$07/C*5;*/C$*/209M*  67 
7COC7!! /=?Z!:&:,%*)&!(%*)18&%!
<C$*#%5/$'0(*D$%$*0$O/*/%20(;$%%$)*50/5*2*GMJ]*B*#5%$*C,)%5#C5+'A*#56,&'0,6)'$0$*;6"5%')$*






#62A$* 50* /5#M* <C$* K@L_* B$B+%20$* D2(* /C$0* v2A/'&2/$)Q* +,* 'BB$%('50* '0* B$/C2056M* <C'(*











"($)* 20)* /C$'%* 2##%5#%'2/$* )'6"/'50(* 2%$* (C5D0* '0* /2+6$* HJM* <C$* B$B+%20$* ("+($Z"$0/6,*
"0)$%D$0/*/C%$$*HG*B'0"/$*D2(C$(*'0*K:!*A50/2'0'07*GMHu*R&p&S*/D$$0*RK:!T<S?*+$;5%$*/C$*










*  68 
Antibody  Supplier  Host  Dilution 
Myc  !'7B2* U2++'/* H-FGGG*
FLAG  !'7B2* U2++'/* H-F]GG*
Acetylated  tubulin  (611-
B1) 
!'7B2* P5"($* H-FGGG*
!/" tubulin  K'$%A$* U2++'/* H-FGGG*












/5* 2* #'$A$* 5;* 46'07;'6B* 50/5* DC'AC* /C$* B$B+%20$* D2(* 5&$%/"%0$)M* _5665D'07* 2* F* B'0"/$*
'0A"+2/'50?*/C$*B$B+%20$*D2(*7$0/6,*+65//$)*50*2+(5%+$0/*#2#$%?*D%2##$)*'0*;%$(C*A6'07T;'6B*
20)*#62A$)*'0/5*/C$*W$0$W05B$*AC$B'6"B'0$(A$0A$*+'5'B27'07*(,(/$B*R!,07$0$SM*I;/$%*2*
("'/2+6$* $O#5("%$* /'B$* R;%5B* FG* ($A50)(* /5* FG* B'0"/$(S?* #'O$6* '0/$0('/,* D2(* Z"20/';'$)M*

















K*,!K+'A^K! [LK3* '=)HIJAKALM) W5//C2%)/*$/*26M?*FGGi*

























* !  70 
!"#! ! !"#$%&"'"()$*+'%,"-."'/*'&%0!123%)'4%)')56,*,!
7CQCB!! >5,d&'(1!
K2%9'0(50Q(* )'($2($* #2/'$0/(* 5;* K%5;$((5%* <C5B2(* W2(($%* R1$%/'$* >0(/'/"/$?* 30'&$%('/,* 5;*
<=+'07$0*20)*/C$*8")D'7TP2O'B'6'20(T30'&$%('/,?*P=0AC$0S*20)*K%5;$((5%*I6$O'(*:%'A$*R4$0/%$*






























D$%$* "($)* 2(* #2%/* 5;* /C$* 7$0$* ($6$A/'50* #%5A$((M* <C'(* '(* )$(A%'+$)* ;"%/C$%* "0)$%* ($A/'50*









B! jGM[* YMG[* T*
7! Y]M[* iMJF* <,#$*F*
)'2+$/$(?*
#(5%'2('(*
H! ]]M]* JMh]* T*
O! ][M]* YM[Y* T*
Q! ]jM]* YM[Y* T*
R! ]]* jMGj* T*
E! T* T* T*
F! T* T* T*
N! T* T* T*
BV! jHM]* YM[Y* T*
BB! Jj* JMFJ* T*
B7! ]]* HGM[* T*
BH! ]]Mj** HHMGi** T*
@*,4&!BEC!@.&!'4$)$'*4!#*(*!8+%!&*'.!+8!(.&!/?!8*:$4$&1C*<C$%$*'(*05*'0;5%B2/'50*%$72%)'07*27$*
5;*50($/*RIIES*;5%*;2B'6'$(*jThM**
*  72 
*
72 









!E8'L* ($Z"$0A'07* "($(* 2* )'T+2($* #2'%(* (,(/$BM* <C$%$* 2%$* ('O/$$0* #5(('+6$* #2'%'07(* 5;* /C$*






























+$;5%$* 20,* ]s* 20)* [Q* 5&$%C207(* D$%$* s;'66$)s* /5* A%$2/$* +6"0/T$0)$)* ;%27B$0/(M* ^2AC* LbI*




























:"/2056* +%59$* )5D0* /C$* 5'6* )%5#6$/(?* /C$0* /C$* KH* +$2)(* D'/C* /$B#62/$(* 2//2AC$)* D$%$*

































RHhhGTFGGHSM* >/* "($(* 2* (/20)2%)* K4U* %$2A/'50* '0/5* DC'AC* ;6"5%$(A$0/6,* 62+$66$)*





























>(*;&! @&:3&%*(5%&!JfAM! @$:&! A<'4&1!





























>(*;&! @&:3&%*(5%&!JfAM! @$:&! A<'4&1!
















WNI!* 20)* 6'0927$* 2026,($(* (/2/'(/'A266,* 65A2/$* 2* )'($2($* 65A"(* +,* )$/$A/'07* DC'AC* 905D0*
B2%9$%(*($7%$72/$*D'/C*/C$*)'($2($*#C$05/,#$M*
*
8'09$)* 7$0$(* ($7%$72/$* B5%$* 5;/$0* /C20* +,* AC20A$* R'M$M* B5%$* 5;/$0* /C20* ]GuS* ;5665D'07*




20)* D'/C5"/* /C$* )'($2($M* <C$,* 2%$* "($;"6* '0* )$/$A/'50* 5;* P$0)$6'20* )'(5%)$%(* +"/* )5* 05/*
')$0/';,*A5BB50*&2%'20/(*D'/C*2*B5)$(/*$;;$A/M*<C$,*%$Z"'%$*62%7$*;2B'6'$(*D'/C*(";;'A'$0/*
2;;$A/$)* %$62/'&$(* /5* +$* ;"66,* $;;$A/'&$* '0* ')$0/';,'07* /C$* #2/C57$0'A* AC207$R(SM* P$20DC'6$*
2((5A'2/'50*(/")'$(*)5*05/*"($*2*#$)'7%$$?*'0(/$2)*%$Z"'%'07*2*62%7$*0"B+$%*5;*'0)'&')"26(*





















<C$* 6'0927$* 2026,('(* D2(* #$%;5%B$)* "('07* P$%6'0* RB"6/'#5'0/* $07'0$* ;5%* %2#')* 6'9$6'C55)*
'0;$%$0A$S?*2*#%57%2B*)$('70$)*(#$A';'A266,*;5%*2026,('(*5;*(#2%($*'0C$%'/20A$*/%$$(M*I(*)2/2*
;%5B*B"6/'#6$*;2B'6'$(*D'/C*6'9$6,*)';;$%$0/*7$0$(*20)*!bK(*D$%$*+$'07*2026,($)*/57$/C$%?*








!  80 
7CQCOCBCB! /%$:*%<!8$4(&%$);!1(*;&1!
















! h!>T/>!! i!#%+3!8%+:!3%&X$+51! i!+8!(+(*4!
K*-!#*(*! [ih]FH** G* HGG*
K&4&X*)(!'+#$);!%&;$+)1!+)4<! hFJjY* jYM[* F[M]*
GP"Z!jVCQ! [HHiF* YYM[* iMG*
]=>!P"Z!jVCQ! FJjj]* * FGMY* YMJ*
K&:+X*4!+8!)&$;.,+5%!3*$%1! FH[Hi* HJMG* ]MJ*
I+'*4!G"Z!8$4&! Hh]Hi* iMJ* ]MG*







D$%$* )$&'($)* 2(* )$(A%'+$)* +$65DM* <C$* +'5'0;5%B2/'A(* %$(5"%A$(* B$0/'50$)* 2%$* )'(A"(($)*
;"%/C$%*'0*($A/'50*FM]MJM[M*




#2/C57$0'A* B"/2/'50(* D'/C'0* /C$* A5C5%/M* >0'/'266,* 266* /C$* /"+"6'0?* A5BB50* PIK(* 20)* 2A/'0*
























































D2(* A5B#2%$)* D'/C* /D5* A50/%56* $O5B$(M* <5* %$)"A$* /'B$* '0&$(/$)* '0* ;26($* #5('/'&$(?* $2AC*
&2%'20/* D2(* %$Z"'%$)* /5* B$$/* (#$A';'A* A50/%56(* +$;5%$* +$'07* '0A6")$)* '0* /C$* 6'(/* ;5%*
A50(')$%2/'50*5;*A50;'%B2/'50*"('07*AC2'0T/$%B'02/'50*($Z"$0A'07M*<C$($*D$%$-**
•  <C$*&2%'20/*D2(*05/*#%$($0/*'0*$'/C$%*5;*/C$*A50/%56*$O5B$(*
















5AA"%(?* /C$* #5('/'50* '(* C'7C6'7C/$)* +,* /C$* #%57%2B* "('07* /C$* A565"%* 2(('70$)* /5* $2AC*
0"A6$5/')$-*/C,B'0$?*7"20'0$?*A,/5('0$?*2)$0'0$M*:5/C*/C$*#%5/$'0*20)*0"A6$5/')$*%$;$%$0A$*
($Z"$0A$(*2%$*&'('+6$*2/*/C$*+5//5B*5;*/C$*'B27$*20)*%$(/'07*/C$*A"%(5%*5&$%*2*#2%/'A"62%*






B   84 
7CQCOCH! \$+$)8+%:*($'!%&1+5%'&1!!
<C$%$*2%$*B20,*506'0$*/556(*/C2/*2%$*"($;"6*'0*2026,('07*/C$*62%7$*&56"B$*5;*)2/2*A%$2/$)*+,*
bW!M* @2%'20/* 20)* )'($2($* )2/2+2($(* A5662/$* '0;5%B2/'50* 2+5"/* 905D0* &2%'20/(?* #%$)'A/'50*
(5;/D2%$*"($(*2675%'/CB(*/5*2026,($*/C$*#C$05/,#'A*$;;$A/*5;*20*2B'05*2A')*AC207$?*6'/$%2/"%$*
B'0'07*(5;/D2%$*$02+6$(*Z"'A9*2AA$((*/5*%$6$&20/*'0;5%B2/'50M*I;/$%*;'6/$%'07?*266*&2%'20/(*D$%$*




























































%$6$&20/* #%5#$%/'$(* /5* )$&$65#* #%$)'A/'50(M* <C$,* 2%$* 2+6$* /5* '0/$7%2/$* '0;5%B2/'50* ;%5B*



























































































@2%'20/(* D$%$* %"0* /C%5"7C* /C$* v+"69* 2026,('(Q* 5#/'50(* 5;* /C$($* #%57%2B(* 2AA5%)'07* /5* /C$*
B$/C5)*)$(A%'+$)*50*/C$'%*D$+('/$(?*D'/C*/C$*$OA$#/'50*5;*P"/#%$)?*DC'AC*D2(*"($)*506,*/5*























Changed SN expression 
known ND genes 
Related to  
cytoskeleton 
Strategic PD  
selection 
criteria 
Common, non-coding and 





Visual check for 
SOLiD artefacts 
Confirmation of 
SNP by Sanger 
sequencing 
Segregation analysis of 
SNP using family DNA 
END 










@5,54$)* !  89 
HCBCB!! @.&!(5,54$)6IKKL7!,$)#$);!1$(&W!1(*%($);!3+$)(!
4C2%2A/$%'(2/'50*5;*/C$*8UU.FT/"+"6'0*2((5A'2/'50*D2(*+$7"0*#%$&'5"(6,*+,*U5(2*!20AC5*20)*
:$%02%)* 82DM* I* ,$2(/* /D5TC,+%')* 6'+%2%,* (A%$$0* /$(/'07* ;5%* '0/$%2A/'50(* +$/D$$0* 2* 8UU.F*
























































































































































! *  92 
Z$;5%&!BHC!@.&!IKKL7!K+'A^K!#+:*$)!#+&1!)+(!$)(&%*'(!-$(.!!,%,&!+%!#!(5,54$)!$1+8+%:1C*"C*
8UU.F* ;"66* 6$07/C* 5%* /C$* 8UU.F* U5A4EU* )5B2'0* )5* 05/* '0/$%2A/* D'/C* mT/"+"6'0* R<3:IHI?*
<3:IH:?*<3:IH4*5%*<3:IJIS*'0*($B'TZ"20/'/2/'&$*\<1M*\C*8UU.F*;"66*6$07/C*5%*U5A4EU*)5B2'0*

























































































RocCOR  LRRK2 





























































































+8! (5,54$)! $1+8+%:1C! "M* I* B"6/'#6$* ($Z"$0A$* 26'70B$0/* C'7C6'7C/(* /C$* C'7C6,* &2%'2+6$?*
0$72/'&$6,*AC2%7$)*;'026*HJTFH*2B'05*2A')*/2'6*5;*XT/"+"6'0M*\M*<"+"6'0*)'B$%*D'/C*#%5k$A/'07*
4T/$%B'0'M* :6"$* +5O* '0)'A2/$(* /%"0A2/$)* XT/"+"6'0* %$7'50M* >B27$* /29$0* ;%5B* '0/%5)"A/'50*
;'7"%$* ]M* AC* <%"0A2/'50* 5;* <3::J* 20)* <3::Y* 2/* I62J[G* %$B5&'07* /C$* 4T/$%B'026* %$7'50*
'0)'A2/$)*'0*I*20)*:*)5$(*05/*2;;$A/*/C$*'0/$%2A/'50*D'/C*/C$*8UU.F*U5A4EU*)5B2'0M*:5/C*























A  B 
empty 
prey 




























































TUBB   TUBB2A  TUBB2B  TUBB2C  TUBB3  TUBB4  TUBB6  empty 
prey   97 













8,([YF* 20)* I62[YJM* >0/$%$(/'076,?* /C$* 2620'0$* 2/* #5('/'50* [YJ* '(* A50($%&$)* '0* !T/"+"6'0*




/C$* ($%'0$* '0* /C$* <3::H* ($Z"$0A$* 2/* #5('/'50* [YF* A50;$%(* '0/$%2A/'50* D'/C* /C$* 8UU.F*
U5A4EU*)5B2'0M*!"+(/'/"/'07*($%'0$*;5%*2(#2%27'0$*2/*[jH*)')*05/*;2A'6'/2/$*20*'0/$%2A/'50*












357  396 



























347  376   98 
*
450;'%B'07* /C2/* 8,([YF* '(* '0&56&$)* '0* /C$* /"+"6'0T8UU.F* '0/$%2A/'50?* %$A'#%5A26* .[YF!*







(C5D0?* %$#%$($0/2/'&$* 5;* [* ($#2%2/$* $O#$%'B$0/(* \C* f"20/'/2/'&$* ,$2(/* /D5TC,+%')*































































































KC5(#C5('/$* '(* 2* )2/2+2($* 6'(/'07* 2B'05* 2A')(* #5(/T/%20(62/'50266,* B5)';'$)* 2AA5%)'07* /5*
B2((T(#$A/%5B$/%,* 5%* ('/$T(#$A';'A* B$/C5)(* R("AC* 2(* B5)';'A2/'50* (#$A';'A* 20/'+5)'$(S*
R15%0+$A9* $/* 26M?* FGHFSM* <C$* )2/2+2($* 6'(/(* XT/"+"6'0* 8,([YF* 20)* !$%[YJ* 2(* %$(')"$(*
"0)$%75'07*B5)';'A2/'50M*8,([YF*'(*"+'Z"'/'02/$)*'0*266*5;*/C$*XT/"+"6'0*'(5;5%B(M*!$%[YJ*'(*
#C5(#C5%,62/$)*'0*C"B20*<3::[M*<5*)$/$%B'0$*DC$/C$%*$'/C$%*5;*/C$($*B5)';'A2/'50(*B'7C/*
'0;6"$0A$* /C$* 2((5A'2/'50* D'/C* 8UU.F?* D$* '0/%5)"A$)* B"/2/'50(* B'B'A9'07* /C$* )';;$%$0/*
(/2/$(M*KC5(#C5B'B$/'A*B"/2/'50(*D$%$*'0/%5)"A$)*'0/5*<3::*20)*<3::J*RI[YJL?*I[YJ^SM*































AC2'0* DC'6$* #%$&$0/'07* /C$* ('/$* +$'07* 2* /2%7$/* ;5%* #5(/T/%20(62/'5026* "+'Z"'/'02/'50M* <C'(*
B"/2/'50*B2'0/2'0$)*/C$*'0/$%2A/'50*'0*<3::*.[YFU?*<3::J*.[YFU*20)*<3::H*![YFU*R;'7"%$*
F[IS* D'/C5"/* ($$B'07* /5* 2;;$A/* +'0)'07* (/%$07/C?* 'B#6,'07* /C2/* '/* '(* /C$* AC2%7$* 20)*
#%5B'0$0/*65A2/'50*5;*/C$*[YF*%$(')"$*/C2/*A50;$%(*+'0)'07*D'/C*8UU.FM*15D$&$%*/C'(*'(*2*
050T#C,('5657'A26*%$("6/*20)*'(*506,*("77$(/'&$M*









































































D  E 





























A   102 
<C$*A%,(/26*(/%"A/"%$*5;*mpXT/"+"6'0*C$/$%5)'B$%(*C2(*+$$0*%$(56&$)*/5*2*C'7C*%$(56"/'50M*N$*
D$%$* 2+6$* /5* "($* B56$A"62%* B5)$66'07* )$%'&$)* ;%5B* /C'(* A%,(/26* (/%"A/"%$* /5* ;"%/C$%*















(/2+'6'($* /C$* XT(C$$/?* %$("6/'07* '0* 2* 65((* 5;* ;6$O'+'6'/,* 2/* /C$* #%5/$'0* ("%;2A$M* <C'(* (#2/'26*
A50(/%2'0/*A5"6)*%$)"A$*5%*26/$%*/C$*2AA$(('+'6'/,*5;*/C$*("%;2A$*8,([YF*'0*/"+"6'0*'(5;5%B(*
/C2/*)5*05/*+'0)*8UU.FM*<C$%$;5%$?*/C$*0$A$((2%,*("%;2A$*/5#5657,?*'0A6")'07*/C$*#5('/'50*5;*






/"+"6'0* (/%"A/"%$(* 5;* 8UU.F* +'0)$%(* 20)* 050T+'0)$%(M* AC* !$%[YJ* '(* #%$)'A/$)* /5* ;5%B* 20*
'0/$%026*C,)%57$0*+50)*D'/C*/C$*+2A9+50$*5;*/C$*0$'7C+5"%'07*I%7[Hi*%$(')"$*'0*<3::F*
20)*<3::[*'(5;5%B(C!?C*I62[YJ*'(*05/*#%$)'A/$)*/5*;5%B*2*C,)%57$0*+50)*D'/C*0$'7C+5"%'07*





























!-tubulin  "-tubulin 
A 

















($Z"$0A$?* 2/* 6$2(/* 50$* 5;* DC'AC* A50;$%(* /C$* <3::YT8UU.F* 2((5A'2/'50-* K%5[FG?* !$%[iY?*
KC$[hi* 20)* /C$* 4T/$%B'026* /2'6M* \C* P"/27$0$('(* 5;* $2AC* 5;* /C$* ('/$(* )')* 05/* 26/$%* /C$*















































B   105 
^O2B'02/'50*5;*/C$($*('/$(*'0*2*B56$A"62%*B5)$6*5;*/"+"6'0*("%;2A$*/5#5657,*'0)'A2/$)*/C2/*











'0/$%2A/'50* R;'7"%$* FFS?* '(* 6'9$6,* )"$* /5* /C$* 26/$%$)* AC2%7$* 5%* (')$TAC2'0* ('V$* 5;* K%5[FG*







!  106 
!
Z$;5%&! 7RC! /%+H7V! 1(%+);4<! 8*'$4$(*(&1! (.&! @`\\R6IKKL7! K+'A^K! #+:*$)! $)(&%*'(+)C! "C*
>0/%5)"A'07*)5"+6$*B"/2/'50(*5;*K[FGU*20)*I[YJ!*5%*K[FGU*20)*.[YF!*+65A9$)*/C$*<3::YT
8UU.F*U5A4EU*)5B2'0*'0/$%2A/'50M*:5/C*/%20(;5%B2/'50*A50/%56*20)*0"/%'/'5026*($6$A/'50*
#62/$(*2%$*(C5D0?* %$#%$($0/2/'&$* 5;* [* ($#2%2/$* $O#$%'B$0/(M*]C* !/%"A/"%$*B5)$6(*5;*/C$*
<3::?*<3::J*20)*<3::Y*'(5;5%B(M*\Y?C*<"+"6'0*B5)$6(*D'/C*/C$*;5"%*%$(')"$(*'0&56&$)*'0*
+'0)'07*/5*/C$*8UU.F*U5A4EU*)5B2'0*C'7C6'7C/$)M*<C$*7%$$0*+5O*$B#C2('($(*/C2/*/C$%$*'(*05*




























B  C 
D  E 
























TC  NS 
A   107 
<C$*%$(')"$(*'0&56&$)*'0*/C$*'0/$%2A/'50*2%$*%$A2##$)*'0*/2+6$*FJ-*
*
! \$)#1!IKKL7! HBF! H7V! HR7! HRO!
@`\\! \$(! U* U* .* I*
@`\\B! b5* U* .É* !* I*
@`\\7"! b5* U* U* .* !*
@`\\7\! b5* U* U* .* !*
@`\\7A! b5* U* U* .* !*
@`\\H! b5* U* U* .* !*
@`\\O! \$(* U* U* .* I*












































+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  -  -  -  - 
+  +  +  +  + 
-  -  -  -  - 
-  -  -  -  - 














38   109 
*
Z$;5%&!7FC!@5,54$)!$1+8+%:1!$::5)+3%&'$3$(*(&!$)!'+:34&c&1C*1^.*A$66(*/%20(;$A/$)*D'/C*;"66*













N-FLAG TUBB1 FL 
N-FLAG TUBB1 C-term 
FLAG 
TUBB4  






+  -  +  -  -  - 
-  +  -  +  -  - 
-  -  -  -  +  + 
52   
52   
52   
52   











/5* /C%$$* 0$"%50266,* $O#%$(($)* XT/"+"6'0* '(5;5%B(M* <C$* 8UU.F* U5A* )5B2'0* +'0)(* 506,* XT
/"+"6'0* '(5;5%B(* <3::?* <3::J* 20)* <3::Y?* /C$%$* '(* 05* '0/$%2A/'50* D'/C* /C$* 2))'/'5026*
A5BB50*XT/"+"6'0*'(5;5%B(*<3::H?*<3::FI?*<3::F:?*<3::F4*20)*<3::[M*b$'/C$%*D2(*20*
'0/$%2A/'50* )$/$A/$)* +$/D$$0* /C$* 8UU.F* U5A* )5B2'0* 20)* C"B20* me/"+"6'0* '(5;5%B(*
R<3:IHI?*<3:IH:?*<3:IH4?*<3:IJIS?*P<T5%720'('07*/"+"6'0*'(5;5%B(*R<3:WH*20)*<3:WFS?*
A$0/%5(5B26*/"+"6'0(*R<3:LH*20)*<3:^HS*5%*0$"%50266,*$O#%$(($)*2A/'0*'(5;5%B(*RI4<:*20)*
















2AA$((5%,* 20)* '0/$%B$)'2%,* #%5/$'0(* 2%$* 05/* #%$($0/?* /C"(* ;5%* /%20(A%'#/'50* 5;* %$#5%/$%*
7$0$(* /5* 5AA"%?* /C$* '0/$%2A/'50* B"(/* +$* )'%$A/M* \$2(/* /D5TC,+%')* 26(5* $02+6$(* /C$*  111 
A5B#2%'(50*5;*'0/$%2A/'50*(/%$07/C*+$/D$$0*#%5/$'0(*'0*DC'AC*2*('076$*%$(')"$*C2(*+$$0*
B"/2/$)M* <C'(* '(* "06'9$* 2* A$66* (,(/$B* DC$%$* /C$* 2((5A'2/'50(* 5AA"%* '0* /C$'%* $0)57$05"(*
A5B#2%/B$0/*26507(')$*/C$'%*'0/$%B$)'2%,*#%5/$'0(?*B$20'07*#%5/$'0(*2%$*5;/$0*$O/%2A/$)*'0*













A5"6)* +$* )$/$%B'0$)* +,* /C$* XT/"+"6'0* A5B#5('/'50* D'/C'0* /C$* P<(?* 905D0* /5* 26/$%*















#%5/$'0T#%5/$'0* '0/$%2A/'50(* 20)* 2(* 2* (D'/AC* '0* ('70266'07* A2(A2)$(M* _5665D'07*
#C5(#C5%,62/'50?*/C$*2))'/'50*5;*2*#C5(#C5%,6*7%5"#*'0A%$2($(*/C$*('V$*5;*/C$*%$(')"$*20)*  112 
A50;$%(*2*0$72/'&$*AC2%7$M*>0'/'266,*#5(/"62/'07*/C2/*#C5(#C5%,62/'50T)$#$0)$0/*'0C'+'/'50*
A5"6)*B$)'2/$*/C$*'0/$%2A/'50?*'/*D2(*)$B50(/%2/$)*/C2/*/C$*#C5(#C5B'B$/'A*I[YJLpI[YJ^*
B"/2/'50(* '0C'+'/* 8UU.F* +'0)'07* '0* +5/C* <3::* 20)* <3::J?* +"/* 05/* <3::YM* <C'(* D2(*






[YJ?* 2(* #2%/* 5;* 20* '0/$%026* XT(C$$/M* I(* /C$* %$(')"$* '(* '0/$%026?* '/* '(* "06'9$6,* /5* +$*
#C5(#C5%,62/$)M*>/*'(*/C$%$;5%$*#%5+2+6$*/C2/*/C$*'0A%$2($)*('V$*20)*AC2%7$*'0/%5)"A$)*+,*





+50)* (#2/'266,* A50(/%2'0(* /C$* (/%"A/"%$?* B2'0/2'0'07* 2* #%5O'B'/,* +$/D$$0* /C$* ("%;2A$*
%$(')"$(*DC'AC*#%$&$0/(*8UU.F*+'0)'07M*>0*/C$*#%$($0A$*5;*I62[YJ?*/C$%$*'(*;6$O'+'6'/,*D'/C'0*














05/* "0)$%75* #5(/T/%20(62/'5026* "+'Z"'/'02/'50M* .[YFU* B2'0/2'0$)* /C$* <3::T* 20)* <3::JT
8UU.F*'0/$%2A/'50*20)*<3::H*![YFUT8UU.F*26(5*;2A'6'/2/$)*20*2((5A'2/'50M*<C'(*("77$(/(*/C2/*  113 






















('B'62%T'/* D5"6)* +$* '0/$%$(/'07* /5* ($$* ';* B"/27$0$('(* 5;* /C$* UT@TI* B5/';* '0/%5)"A$)* 20*




























<C$* 8UU.F* U5A* )5B2'0* D2(* )'&')$)* '0/5* /C%$$* 5&$%62##'07* ;%27B$0/(* 2/* ('/$(* 65A2/$)*
+$/D$$0*(/%"A/"%266,*'B#5%/20/*%$7'50(*'0*/C$*'=)HIJAKLM*U5A5*B56$A"62%*B5)$6*R;'7"%$*FhSM***
Z$;5%&!7NC!K+'!#+:*$)!#$X$1$+)!8%*;:&)(1!)*%%+-6#+-)!(.&!(5,54$)6$)(&%*'($+)!%&;$+)!+8!








H]H]?* /C5"7C* D$29$0$)* '0* /C$* 62//$%?* ("77$(/'07* (/%"A/"%26* '0/$7%'/,* D2(* B2'0/2'0$)M* >0*
%$7'50* H[jYTHJY[?* /C$* 2((5A'2/'50* 05* 6507$%* 5AA"%%$)M* <C$($* /%"0A2/'50* B2,* C2&$* 65(/*
(/%"A/"%26*'0/$7%'/,*5%*+$*"0'0&56&$)*'0*)'B$%'(2/'50M*15D$&$%*2(*/C$*/%"0A2/'50R(S*;2'6$)*/5*
3 
Roc division fragments 
1328  1515  1376  1463  1400  1443 
1  3 
LRRK2 protein residues 
1 
A 
B   116 
'0/$%2A/* A50&'0A'076,* D'/C* /C$* ;"66T6$07/C* U5A4EU* )5B2'0?* '/* '(* 26(5* #5(('+6$* /C2/* /C$*
/%"0A2/$)*#%5/$'0(*D$%$*05/*$O#%$(($)M*




































RocCOR  LRRK2 
RocCOR 





























TUBB  TUBB 
A364S 
TUBB1  TUBB1 
S362K 
TUBB4  TUBB4 
A364S 













TUBB  TUBB 
A364S 
TUBB1  TUBB1 
S362K 
TUBB4  TUBB4 
A364S 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   120 
>0*/C$*2620'0$*(A20?*/C$*#%$($0A$*5%*2+($0A$*5;*2*XT/"+"6'0T8UU.F*'0/$%2A/'50*D2(*A50('(/$0/*







26'70$)* +$0$2/CM* <C$($* '0)'A2/$* 2* C'7C* )$7%$$* 5;* A50($%&2/'50?* #2%/'A"62%6,* '0* '0/$%026*
%$(')"$(*20)*/C5($*'0&56&$)*'0*mTC$6'A$(*("AC*2(*8$"H[]G*20)*8$"H[]H*RI620'0$*+65A9*]SM*
*







'=) HIJAKLM) U5A5* 26'70B$0/M* >0/$%026* %$(')"$(* '0* /C$* U5A5* #%5/$'0* 20)* /C$'%* 26'70$)*
$Z"'&26$0/(*D'/C*8UU.F*2%$*B2%9$)*'0*5%207$?*$O/$%026*%$(')"$(*B2%9$)*'0*+6"$M*!
COR A 









































&$% &&% &'% &,% &>%
$% '% ,% >% (% =% )%
&@% A%
&%
%B%B%%%%%CBC%%% %CCBC%%%%CBB%%% BCBBC%%BBC%%%%%% %% %%BC%%%
%%BC%%%%B%%% %%%CC%%% BBB%B%%% %B%%% %B%%B%%% %C%C% %C%C%%%  121 
















8UU.H* ($Z"$0A$* '(* 26(5* 26'70$)* /5* 8UU.F?* D'/C* /C$* '0/$%026* 20)* $O/$%026* %$(')"$(* 2(*





































12  11  13  14  15 
2  3  4  5  6  7  8 
10  9 
1 
@@%%% %%@@A%%% A@@@%% %%%@@%%% A@@@A%%%@%%%%%% %%%%@%%%
A@%@% %%%@%%% @@A%@%%%% %%%A% %%%@%%% @%%@% %@%%%%%@@%
A%%%A%
External amino acids 





















;'%(/* '(* '0/$%026* R<%#H[jYS* 20)* '/* ($$B(* 6'9$6,* /C2/* /C$* %$2(50* ;5%* 2* %$)"A$)* '0/$%2A/'50*
(/%$07/C*+$/D$$0*/"+"6'0*20)*2620'0$*+65A9*HG*R%$(')"$(*H[j[TH[jjS*'(*+$A2"($*/C$*26/$%$)*
(/%"A/"%$*)'(#62A$)*/C$*#%5B'0$0/*%$(')"$(*5;*+65A9(*HH*20)*HF*R%$(')"$(*H[jiTH[ijSM*I(*/C$*
COR A  COR B 
Roc A  Roc B 
A 

















COR A  COR B 













<C$* %$(')"$(* ')$0/';'$)* C$%$* 2(* 'B#5%/20/* ;5%* /C$* 8UU.FTXT/"+"6'0* '0/$%2A/'50* 2%$*
































;%27B$0/(* )$B50(/%2/$(* /C2/* /C'(* ($A50)* /%"0A2/'50* '(* /C$* 6$2(/* A5B#2A/* 5;* /C$* /C%$$?*
("##5%/'07*/C$*/C$5%,*5;*2*65((*5;*(/%"A/"%26*'0/$7%'/,M*









!-tubulin  "-tubulin   125 
'(*(C5%/$%*/C20*8UU.F?*D'/C*2*('B'62%*)5B2'0*(/%"A/"%$*'0*$0V,B2/'A*)5B2'0(*20)*6$"A'0$T%'AC*
20)*209,%'0*%$#$2/(?*+"/*62A9'07*2%B2)'665*%$#$2/(*20)*2*NLJG*)5B2'0M**



















/C$($* ]* 2B'05* 2A')(M* <C'(* A50('(/$0/6,* %$&$26$)* /C2/* /C$* #%5/$'0* A50/2'0'07* /C$* 2620'0$*
%$(')"$*B"/2/'50(*D5"6)*$'/C$%*2((5A'2/$*D'/C*+5/C*U5A4EU*20)*/"+"6'0?*5%*0$'/C$%M*<C'(*
("77$(/(* /C2/* $'/C$%* U5A4EU* )'B$%'(2/'50* '(* %$Z"'%$)* '0* 5%)$%* ;5%* /C$* 8UU.FT/"+"6'0*
'0/$%2A/'50*/5*5AA"%?*5%*/C$*%$(')"$(*%$#62A$)*+,*2620'0$*2%$*'B#5%/20/*;5%*+5/C*U5A4EU*
)'B$%'(2/'50*20)*/C$*8UU.FT/"+"6'0*'0/$%2A/'50?*+"/*/C$*/D5*'0/$%2A/'50(*2%$*'0)$#$0)$0/*5;*






















AC207$(?* "06$((* /C$* %$(')"$(* 2%$* 65A2/$)* D'/C'0* /C$* '0/$%2A/'50* ('/$* 5;* '0/$%$(/M* <C$*
'0/$%2A/'50*D2(*B2'0/2'0$)*D'/C*#%5/$'0(*A50/2'0'07*2620'0$*+65A9(*jTi*R%$(')"$(*H[]iTH[YjS*
R#%$)'A/$)* /5* +$* 50* /C$* U5A4EU* ("%;2A$* +,* /C$* 4M* /$#')"B* C5B5657* B5)$6S* 20)* +5/C*
U5A4EU*20)*/"+"6'0M*15D$&$%?*/C$*2((5A'2/'50*D'/C*+5/C*8UU.F*20)*/"+"6'0*D2(*65(/*'0*
U5A4EU* #%5/$'0(* A50/2'0'07* 2620'0$* +65A9(* JTY* R%$(')"$(* H[J[TH[]jS?* )$(#'/$* /C$*





%$(')"$(* '0* /C$($* +65A9(* 2%$* $O/$%026?* '0A5%%$A/6,* ;5%B$)* 26#C2* C$6'A$(* 2%$* 26(5* 6'9$6,* /5*
5+(/%"A/*)'B$%'(2/'50*20)*/C$*2((5A'2/'50*D'/C*/"+"6'0M**
<C$* U5A4EU* #%5/$'0* A50/2'0'07* $O/$%026* 2620'0$* +65A9* h* R%$(')"$(* H[YiTH[jFS* )5$(* 05/*
'0/$%2A/* D'/C* 8UU.F* U5A4EU* 5%* /"+"6'0M* <C'(* %$7'50* A50/2'0(* /D5* %$(')"$(?* <C%H[Yi* 20)*
>(5H[jH?*DC'AC*2%$*A50($%&$)*'0*8UU.H?*8UU.F*20)*'=)HIJAKLM)U5A5M*<C$%$;5%$*/C'(*('/$*'(*
26(5* 6'9$6,* /5* +$* (/%"A/"%266,* 'B#5%/20/?* #$%C2#(* /5* )'B$%'(2/'50* 5%* /C$* #%5/$'0* /$%/'2%,*
(/%"A/"%$*2(*/C$*U5A4EU*)5B2'0*AC207$(*5%'$0/2/'50*+$/D$$0*W<KT+5"0)*20)*WLKT+5"0)M*
_'0266,?* /C$%$* '(* 50$* %$7'50* '0* DC'AC* #%5/$'0(* A50/2'0'07* /C$* 2620'0$* B"/2/'50(* C2)* 20*
26/$%$)*2((5A'2/'50*+$/D$$0*U5A4EU*20)*/"+"6'0?*("77$(/'07*/C2/*/C'(*%$7'50*'(*/C$*('/$*5;*
/C$*/"+"6'0T8UU.F*U5A4EU*)5B2'0*'0/$%2A/'50M*>0*#%5/$'0(*A50/2'0'07*2620'0$*+65A9(*HG?*HH*
20)* HF* R%$(')"$(* H[j[TH[ijS?* /C$* '0/$%2A/'50* D'/C* /"+"6'0* D2(* D$29$0$)* DC'6$* U5A4EU*
)'B$%'(2/'50*(/%$07/C*B2'0/2'0$)M*P5)$66'07*65A2/$)*/C'(*#"/2/'&$*'0/$%2A/'50*%$7'50*2D2,*




















P"AC* 5;* /C$* D5%9* '0A6")$)* C$%$* %$6'$(* 50* /C$* 2AA"%2A,* 5;* /C$* '=) HIJAKLM* U5A5* 8UU.F*





























/%$$M* >/* +'0)(* /"+"6'0(* '0* 2* (/5'AC'5B$/%'A* %2/'5* '0(')$* /C$* P<* 6"B$0?* #%5B5/'07*








1(*,$4$1*($+)C! "C* XT/"+"6'0* 8,([YF* '(* 50* 2* ('B'62%* #620$* /5* +5/C* /C$* (/2+'6'('07* #2A6'/2O$6*












B   131 













/C$* /%20('/'50* +$/D$$0* (/2+6$* 20)* ),02B'A* P<(?* DC$%$2(* /C$* vKQ* R#$%'#C$%26S* V50$* '(*
A5B#5($)*5;*2A/'0*;'62B$0/(*20)*B5%$*),02B'A*R/,%5('02/$)S*P<(M*<C$*)$/$A/'50*5;*5&$%T





Merge  Tubulin  LRRK2  F-actin 
Tubulin  Merge 































   132 
HCHC7!! IKKL7!%&#5'&1!g6(5,54$)!*'&(<4*($+)!
















































   134 
HCHCH!!!!!!!!@5,54$)!$1+8+%:!+X&%&c3%&11$+)!#$88&%&)(4<!*4(&%1!(.&!
! !!!!!!!3%+3+%($+)!+8!*'&(<4*(&#!(5,54$)!!
I;/$%* )$/$A/'07* '(5;5%BT(#$A';'A* )';;$%$0A$(* '0* /C$* 8UU.FT/"+"6'0* '0/$%2A/'50* '0* ,$2(/?*
2A$/,62/'50*6$&$6(*D$%$*A5B#2%$)*'0*/C$*#%$($0A$*5;*5&$%$O#%$(($)*/"+"6'0*'(5;5%B(M*4$66(*





Z$;5%&! O7C! @.&! 3%+3+%($+)! +8! *'&(<4*(&#! (5,54$)! X*%$&1! -$(.! (.&! (5,54$)! $1+8+%:!
+X&%&c3%&11&#C!"C*N$(/$%0*+65/*(C5D'07*'0A%$2($)*2A$/,62/$)*/"+"6'0*2(*2*#%5#5%/'50*5;*
/5/26*/"+"6'0*'0*1^.*A$66(*5&$%$O#%$(('07*<3::H*20)*<3::[M*\C*<C$*#%5#5%/'50*5;*2A$/,62/$)*















































































































B) :) :) :) :)
:) B) :) :) :)
:) :) B) :) :)
:) :) :) B) :)










!) =)  135 

























































































































































































L$6$/'50* 5;* /C$* $O/$0('50* '0* <3:IHI* )')* 05/* ;2A'6'/2/$* 20* 2((5A'2/'50* R;'7"%$* J]SM* <C$*
)$6$/'50* 5;* /C$* '0($%/'50* '(* 05/* (";;'A'$0/* /5* ;2A'6'/2/$* 2* 8UU.FTmT/"+"6'0* '0/$%2A/'50?*
)$B50(/%2/'07* /C2/* 2))'/'5026* %$(')"$(* 2%$* 'B#5%/20/* ;5%* /C$* XT/"+"6'0TU5A4EU* )5B2'0*
'0/$%2A/'50M*15D$&$%?*'0($%/'07*'/*'0/5*<3::J*20)*<3::Y*#%$&$0/$)*/C$'%*'0/$%2A/'50*D'/C*
Paclitaxel 
amino acid  
insertion 
!-tubulin  "-tubulin 
A 
B 
   137 
/C$*U5A4EU*)5B2'0?*(C5D'07*/C$*#%$($0A$*5;*/C$*:hT:HG*655#*$O/$0('50*'(*'0C'+'/5%,*/5*/C$*





U5A4EU* )5B2'0M* >0($%/'50* 5;* /C$* 655#* '0/5* XT/"+"6'0* R>0(* :hT:HG* 655#S* #%$&$0/(* /C$*
'0/$%2A/'50*+$/D$$0*/"+"6'0*20)*/C$*8UU.F*U5A4EU*)5B2'0M*<*:5/C*/%20(;5%B2/'50*A50/%56*























prey  TC 







TUBB4  TUBB4  
Ins B9-
B10 loop 































A  B   139 
!
!










%$&$26(* '0A%$2($)* 2A$/,62/'50* '0* /C$* #%$($0A$* 5;* HG0P* #2A6'/2O$6* '(* %$)"A$)* +,* 8UU.F*




































Acetylated alpha tubulin 
Actin 





6"B'026* ("%;2A$?* 2* %$7'50* 6'9$6,* /5* +$* #55%6,* 2AA$(('+6$* /5* /C$* 62%7$* 8UU.F* #%5/$'0M* <C'(*
("77$(/$)*/C2/*/C$*2((5A'2/'50*D2(*6'9$6,*/5*5AA"%*$'/C$%*D'/C*/"+"6'0*)'B$%(p#%5/5;'62B$0/(?*
#%'5%* /5* '0A5%#5%2/'50* '0/5* (/2+6$* B'A%5/"+"6$(?* 5%* 2/* /C$* B'A%5/"+"6$* r$0)?* D'/C'0* /C$*
7%5D/C* A50$M* W2%&265&* 20)* A566$27"$(* RFGGYS* )$(A%'+$)* /C$* #%$($0A$* 5;* j* 0P* #2%/'A6$(*
D'/C'0*P<(?*'0A6")'07*(5B$*D'/C*)"26*2((5A'2/'50(M*<C$,*#%$)'A/*/C2/*2*#%5/$'0*5;*/C'(*('V$*'(*
6'9$6,*/5*+$*2/*6$2(/*FGG*.L2?*DC'AC*A5"6)*'0A6")$*/C$*FiG*.L2*8UU.FM*<C$%$*'(*(5B$*)'(#2%'/,*
C5D$&$%?* D'/C* 2* )';;$%$0/* (/"),* ')$0/';,'07* /C$* 2&$%27$* '0/$%026* P<* )'2B$/$%* 2(*








2O50(?* /C$* (/%"A/"%$* '(* $62(/'A* )"$* /5* /C$* %$Z"'%$B$0/* ;5%* ),02B'A* '0(/2+'6'/,M* <C$,* 2%$*












('/$(* 'B#5%/20/* ;5%* P<* (/2+'6'/,-* /C$* #2A6'/2O$6* +'0)'07* ('/$* 20)* /C$* mT/"+"6'0* 8,(JG* P<*
2A$/,62/'50*('/$M*<C'(*#%5O'B'/,*("77$(/$)*/C$*#5(('+'6'/,*/C2/*/C$*%56$*5;*8UU.F*2/*P<(*A5"6)*
+$*/5*B5)"62/$*(/2+'6'/,M**
45B#2%'07* 6$&$6(* 5;* 2A$/,62/$)* /"+"6'0* '0* D'6)T/,#$* 20)* 905A9T5"/* P^_* A$66(* %$&$26$)* 2*
)%2B2/'A*%$)"A/'50*'0*2A$/,62/$)*/"+"6'0*'0*/C$*D'6)T/,#$*A$66(*A5B#2%$)*/5*/C$*!FFG$*905A9T
5"/(?* +5/C* '0* N$(/$%0* +65//'07* 20)* '0* 'BB"05C'(/5AC$B'A26* (/")'$(M* I))'/'50266,?*
B5%#C5657'A26* AC207$(* D$%$* ($$0?* D'/C* A,/5(9$6$/26* 26/$%2/'50(?* 2* 65((* 5;* #562%'/,* 20)*
'0A%$2($)* A$66* 2)C$('50M* >/* D5"6)* +$* '0/$%$(/'07* /5* $O2B'0$* 2))'/'5026* B2%9$%(* 5;*
A,/5(9$6$/26*(/2+'6'/,*+$/D$$0*!FFG$*D'6)T/,#$*20)*905A9T5"/*P^_*A$66(M*<C$($*D5"6)*'0A6")$*

























2%$* B$)'2/$)* +,* $0)57$05"(* 8UU.F* 20)* ("##5%/'07* /C$* /C$5%,* /C2/* #2%/'A"62%* /"+"6'0*
'(5;5%B(*2%$*$O#%$(($)*/5*A50/%56*/C$*8UU.FTP<*'0/$%2A/'50*20)*/C"(*P<*(/2+'6'/,M*I6/C5"7C*
D$* D$%$* "02+6$* /5* A5T>K* 8UU.F* D'/C* (#$A';'A* /"+"6'0* '(5;5%B(* /5* ("##5%/* /C$* ;'0)'07(*
')$0/';'$)*'0*,$2(/*/D5TC,+%')*$O#$%'B$0/(*RAC2#/$%*[MH?*;'7"%$*FjS?*/C'(*%$("6/*("77$(/(*/C2/*









"+'Z"'/5"(*65D*7D::6*$O#%$(('50*/C%5"7C5"/*/C$*+5),*'(*&'/26*/5*P<*;"0A/'50?*#%$&$0/'07*  143 
/C$* A$66(* +$A5B'07* 5&$%6,* (/2+6$* R:C2//2AC2%,2* $/* 26M?* FGGiSM* <C$* )2/2* #%$($0/$)* C$%$*
("77$(/(*/C'(*B2,*+$*%$62/$)*/5*20*'0/$%2A/'50*D'/C*8UU.FM*
*
























D'/C* P<(* 5%* 26/$%02/$6,?* /C$* bT/$%B'0"(* B2,* B$)'2/$* %$)"A$)* 2A$/,62/'50* &'2* $0V,B$*
2A/'&'/,*2(*B$0/'50$)*#%$&'5"(6,?*D'/C5"/*2*)'%$A/*P<*2((5A'2/'50M**
*  144 
>/* D5"6)* +$* '0/$%$(/'07* /5* ')$0/';,* ';* 8UU.H* '(* 26(5* '0&56&$)* '0* 2A$/,62/'50M* <C$* %$("6/(*
)$(A%'+$)*2+5&$*("77$(/*/C$*bT/$%B'026*)5B2'0(*2%$*'0&56&$)*'0*/C$*2+'6'/,*5;*8UU.F*/5*
%$)"A$* 2A$/,62/'50M* <C$* 8UU.H* bT/$%B'0"(* '(* #2%/'A"62%6,* )'&$%7$0/* ;%5B* /C$* 8UU.F* bT
/$%B'0"(?* +$'07* B"AC* (C5%/$%?* D'/C* %$)"A$)* 0"B+$%(* 5;* 8UU(?* 2))'/'5026* 209,%'0T%'AC*




'0C'+'/* /"+"6'0* 2A$/,62/'50* 20)* 26/$%* P<* (/2+'6'/,* A5"6)* +$* 2* A6$2%* #5'0/* 5;* )'&$%7$0A$*
+$/D$$0*/C$*/D5*#%5/$'0(M*
*











>/* '(* 20/'A'#2/$)* /C2/* /C$* 6"B$0* 5;* 7%5D/C* A50$(* '(* 05/* /C$* 506,* 65A2/'50* DC$%$* 8UU.F*
2((5A'2/$(*D'/C*/C$*A,/5(9$6$/50g*2))'/'5026*A,/5(9$6$/26*8UU.F*+'0)'07*#2%/0$%(*'0A6")'07*














A$66(* D$%$* ($$)$)* '0* B$)'2* A50/2'0'07* HG0P* #2A6'/2O$6M* FJ* C5"%(* 62/$%* /C$($* A$66(* D$%$*














A"6/"%$(* 7%5D0* ;%5B* !FFG$* 905A9T5"/* B'A$* )$&$65#* ('70';'A20/6,* 6507$%* 0$"%'/$(?* D'/C*
'0A%$2($)*+%20AC'07?*/C20*A"6/"%$(*7%5D0*;%5B*/C$'%*D'6)T/,#$*6'//$%B2/$(*RP2A8$5)*$/*26M?*
FGGYg*K2%'('2)5"*$/*26M?*FGGhg*L`AC($6*$/*26M?*FGHGSM**
IA$/,62/'50* 5AA"%(* 50* 6507T6'&$)?* )$#56,B$%'(2/'50* %$('(/20/?* P<(* D'/C* (65D* ),02B'A(*
RK'#$%05*$/*26M?*Hhij?*!AC"6V$*$/*26M?*Hhij*20)*N$+(/$%*20)*:5%'(,?*HhihS?*D'/C*/C$*$0V,B$*  146 
P^4THj*)';;"('07*26507*/C$*P<*;%5B*$2AC*$0)M*R!V,9*$/*26M?*FGHJSM*15D$&$%*/C'(*)5$(*05/*
C2##$0* /5* 266* P<(?* /C$%$* '(* 2* #%5A$((* +,* DC'AC* (#$A';'A* P<(* +$A5B$* (/2+'6'($)* '0* /C'(*
B200$%M*>/*'(*#5(('+6$*/C2/*/C$*#%$($0A$*5;*2*6"B$026*8UU.FTP<*2((5A'2/'50*'0C'+'/(*)';;"('50*
5;*P^4THj?*#%$&$0/'07*2A$/,62/'50*5;*mT/"+"6'0*.JG*'0*/C2/*P<M*







































<C$* H[* W$%B20* '0)$O* A2($(* D$%$* /C$0* $O5B$* ($Z"$0A$)M* _5665D'07* $%%5%* %$B5&26?*
'0C$%'/20A$* 2026,('(* 20)* ;%$Z"$0A,* )$/$A/'50?* /C$* %$B2'0'07* &2%'20/(* D$%$* (A%$$0$)* ;5%*





















!  149 
Z$;5%&!ONC!I$)0*;&!*)*4<1$1!%&154(1C*"C*>0*2*)5B'020/*6'0927$*2026,('(*B5)$6*/C$*18EL*&26"$*
;5%* $2AC* B2%9$%* (C5D(* 2* 6'0927$* #$29* '0* AC%5B5(5B$* [* 20)* 2* ("77$(/'&$* #$29* '0*
AC%5B5(5B$*HjM*I*(A5%$*5;*[*20)*2+5&$*'(*$&')$0A$*;5%*6'0927$M*\C*<C$*A62(('A*)5B'020/*20)*
























!  Classic dominant 
!  Non-parametric 






















2.7   150 















@*,4&! 7QC! @.&! 3&%'&)(*;&! +8! $)#&c! 3*($&)(! &c+:&1! -$(.! 4+-! 1&U5&)'&! '+X&%*;&C! I0*
2&$%27$*0$O/*7$0$%2/'50*($Z"$0A$*'(*B'(('07*A5&$%27$*50*F[u*5;*/C$*$O5B$M*
*
<C$%$* '(* 05* A5&$%27$* '0* 2%$2(* D'/C5"/* &2%'2/'50* +$/D$$0* '(5;5%B(M* <C'(* A20* +$* ($$0* '0*










2%$* $O#62'0$)* ;"%/C$%* '0* ($A/'50* FM]MJMH?* +"/* +%'$;6,?* %2D* !bK(* D$%$* $OA6")$)* +2($)* 50*
#5#"62/'50*;%$Z"$0A,?*'0A5%%$A/*'0C$%'/20A$*#2//$%0*20)*#%$)'A/$)*0$"/%26'/,*2A%5((*B"6/'#6$*




















($7%$72/'07* B"/2/'50(* D$%$-) '(B+%$5) <"''65) CD'(,5) CEB.5) %<E6!5* 20)) %7#.=* %<E6!*
B"/2/'50(*($7%$72/$)*D'/C*KL*'0*B5%$*/C20*50$*;2B'6,M**I*/2+"62%*("BB2%,*5;*/C$*%$("6/(?*
'0A6")'07*2*($7%$72/'50*5&$%&'$D*20)*+'5'0;5%B2/'A*2026,($(*R/2+6$*FYS*'(*7'&$0*5&$%6$2;?*

















/?#! 88+@%A! 88+A#4! 84.A)#*! 6B"?! /0184)@!
3* C! !"#$%&' D#&5%0$+@)E)*@)*1!
,)54)1%.*!#51%A#1.4!F!






























5* T! +,!"-' "05.,%@#,)Q!#&ES#+H+!LQ!
1%,,0)!






















7* C! %(.*0' 6)%V04)!4)&#1)@!G!S.$.&.P!
W$.0,)X+&%Y)!











8* F! %(.*0' 6)%V04)!4)&#1)@!G!S.$.&.P!
W$.0,)X+&%Y)!

























































#!$%&'! 7<+;M79! J$7! 2%;J7:<! S+AG+:FIKM727<M7<J! 97+%7J:;<! A+J:QAJ;%! )TV! N$:+$! %7HFGAJ79!











A  B 
A  B 
B 
C  D 
Y PD – Y SNP   1 


















()""*! #$%(-'Z-&4))4.! +,(4(*#01! 2,]&aab! 5:J7%AJF%7!%7Q:7N! *C*!
)





A  B 




A  E  B  C  D  F 
D 
SEQUENCING REPORT





print date 10/11/2012 software version: SeqPilot 3.5.2
Patient: P-S65-2
Order No: 122710016 (DNA No: S65-2) Sample Src: 
Date of assignment:  Assigned by: 
Project: 





Index Location Position Type Nuc Change AA Change Web Ref Mut Ref Mut
Effect
  1 E11 61 (2230) C C -> T (het) R -> W (744)
                 





































Abs: 208 / 218
   
  result files exon positions abs. positions
E11
vs_SEQ_1702D_B04_S65-2_ERCC6_E11R_vspain_2012-10-10_vs.ab1 -20..+20 128..284 / 298..142
   
 E1   Exon 2   E3   E4   Exon 5   Exon 6   Exon 7   Exon 8   Exon 9   Exon 10   Exon 11   E12   Exon 13   E14   E15   E16   Exon 17 
 Exon 18   Exon 19   E20 
 Exon 21 
Comment:
G  H 
G  H 
Y PD - Y SNP      4 
N PD - N SNP     2 





XJ! :9! :<Q;GQ7M! :<! <F+G7;J:M7! 78+:9:;<! %72A:%! :<! A+J:Q7! H7<79! A<M! :9! J$F9! :I2;%JA<J! L;%! J$7!
7%AM:+AJ:;<!;L!?6_!G79:;<9,!!
!
?AIAH7M! <F+G7A%! A<M! I:J;+$;<M%:AG! ?6_! $AQ7! P77<! M7J7+J7M! :<! >?! P%A:<! 2;9JKI;%J7I9!































I7IP7%9! :<Q;GQ7M! :<! J$7! 97H%7HAJ:;<! A<AGO9:9! IA%R7M,! 1$7! :<M78! 2AJ:7<J! :9! S!T,! E"! UAI:GO!
I7IP7%9!N:J$!>?!A<M!J$7!IFJAJ:;<!A%7!L%AI7M!:<!%7MV!N:J$;FJ!>?!;%!J$7!IFJAJ:;<!:<!H%77<!








A  B 
C 
B 









Y PD - Y SNP      2 
N PD - N SNP     2 





















+.$/! #$%(('/***4a(.! +,*/Z#01! 2,]()&#! 5:J7%AJF%7!%7Q:7N! ZC*!
>/51;')?#")@4')+.$/)8%$GD)71.-./+("!6")1$7!3D5:?!97EF7<+7!AG:H<I7<J,!C")#$A:<KJ7%I:<AJ:;<!
97EF7<+:<H!+;<L:%IAJ:;<,!1$7!A%%;N9!:<M:+AJ7!J$7!%7AM!;%:7<JAJ:;<,!D"!1$7!LAI:GO!27M:H%77!N:J$!








A  B 
A  B 
C  D 
Y PD - Y SNP 2 




1$7! .1$2! ]()&#! IFJAJ:;<! :<J%;MF+79! A! +O9J7:<7! %79:MF7! :II7M:AJ7GO! 2%:;%! J;! A! $:H$GO!
+;<97%Q7M!+O9J7:<7!:<!J$7!#/!+O9J7:<7K%:+$!6KJ7%I:<AG!M;IA:<,!1$:9!M;IA:<!:9!:I2;%JA<J!L;%!
N<J! 9:H<AGG:<H! A<M! J$7! %79:MF7! AJ! ()&! :9! JO2:+AGGO! A! 2;9:J:Q7GO! +$A%H7M! A%H:<:<7! ;%! GO9:<7!






.';7/(-2) 3+7-/(,! 1$7! +;<97%Q7M! +O9J7:<7! %79:MF79! A%7! :<M:+AJ7M! :<! O7GG;N,! 6"! _%H()&! :9!
2%7M:+J7M!J;!L;%I!A!9:<HG7!$OM%;H7<!P;<M!=%7MB!N:J$!J$7!<7:H$P;F%:<H!_%H()4!%79:MF7!=2F%2G7B,!
C"!#O9()&!L;%I9!A<!AMM:J:;<AG!$OM%;H7<!P;<M!N:J$!_%H()4,!>?@!I;M7G!(Xd[!F9:<H!34"35675856"








































































A  B 
A  B 
C  D 
E 




B  C  D  E 
B 
F  G  H 
Y PD - Y SNP      4 
N PD - N SNP     1 
N PD - Y SNP      3 
Y PD - Y SNP      1 


















IAh;%:JO! ;L! 2%;H%AI9,! 1$:9! IFJAJ:;<! %72GA+79! A<! AG:2$AJ:+V! $OM%;2$;P:+V! <;<K%7A+J:Q7!
:9;G7F+:<7!N:J$!A!9:I:GA%GO!$OM%;2$;P:+V!F<%7A+J:Q7!I7J$:;<:<7,!`;N7Q7%!J$7!I7J$:;<:<7!$A9!
A<! AMM:J:;<AG! 9FG2$F%! AJ;IV! 2;J7<J:AGGO! :<+%7A9:<H! J$7! <FIP7%! ;L! :<J7%A+J:;<! 2A%J<7%9V! ;%!
















LAI:GO! =57$J:<7<! 7J! AG,V! )--*B,! UDiD! 2%;J7:<9! 2%;J7+J! AHA:<9J! +7GG! M7AJ$! :<! +;<M:J:;<9! ;L!
;8:MAJ:Q7!9J%799!=f7:!7J!AG,V!)--.B,!@;J$!UDiD(!A<M!UDiD4!$AQ7!P77<!:I2G:+AJ7M!:<!>?V!N:J$!
.:;:0!782%799:;<!F2%7HFGAJ7M!:<!>?!P%A:<!=?FI:J%:F!7J!AG,V!)-()B!A<M!:I2G:+AJ7M!:<!+7GG!9F%Q:QAG!














&12/! #$%)-'a4*)..-a! +,((Z)_0\! 2,14Z4_! 36! 782%799:;<!
=>?@A97B!
aC*!




C  D 
Y PD - Y SNP      1 




































_9! N7GG! A9! +;Q7%AH7! A<M! IA22:<H! %79J%:+J:;<9V! J$7%7! A%7! LF%J$7%! P:;:<L;%IAJ:+! G:I:JAJ:;<9,!
]7L7%7<+7!97EF7<+79!+A<!M:LL7%!P7JN77<!MAJAPA979!=7927+:AGGO!:<!H7<79!N$:+$!A%7!<;J!N7GG!





+$AGG7<H7V! 7927+:AGGO! :L! ;<GO! 9:<HG7! LAI:GO! I7IP7%9! A%7! 97EF7<+7MV! A9! NA9! J$7! +A97! $7%7,!












_GJ$;FH$! 78;I7! 97EF7<+:<H! :9! +$7A27%! A<M! I;%7! +;9J! 7LL7+J:Q7! J$A<! N$;G7! H7<;I7!
97EF7<+:<HV!J$7!78;I7!+;Q7%9!;<GO!(K)g!;L!J$7!H7<;I7,!f;<;H7<7J:+!M:97A979!F9FAGGO!%79FGJ!
L%;I!QA%:AJ:;<!:<!J$7!+;M:<H!2;%J:;<!;L!J$7!H7<;I7!PFJ!J$:9!:9!<;J!AGNAO9!9;V!L;%!78AI2G7!A<!
:<J%;<:+! IFJAJ:;<! :<! 2%797<:G:<! (! :<J%;<! a! NA9! L;F<M! J;! +AF97! A<!7A%GOK;<97J! AFJ;9;IAG!
M;I:<A<J!L;%I!;L!_Ge$7:I7%m9!M:97A97!=dA<997<!7J!AG,V!)---B!A<M!A<!:<J%;<:+!#.;%L&)!%727AJ!$A9!









NA9! 9J:GG! 7%%;%! =3AF<M7%9! A<M! @AR7%V! )--)B,! U;GG;N:<H! 97EF7<+:<H! A<M! J$7! :<:J:AG! QA%:A<J!

























J$797! :9! I:99:<HV! J$7! G:R7G:$;;M! ;L! L:<M:<H! A<M! 2%;Q:<H! 2AJ$;H7<:+:JO! ;L! IFJAJ:;<9! EF:+RGO!
M7J7%:;%AJ79,!XJ!:9!AG9;!F<G:R7GO!J$AJ!%A%7!H7<79!+A<!P7!QAG:MAJ7M!PO!:M7<J:L:+AJ:;<!:<!IFGJ:2G7!
LAI:G:79!N:J$:<!J$7!+;$;%J,!!






`;N7Q7%V! A997IPG:<H! MAJA! ;<! J$;F9A<M9! ;L! 2AJ:7<J9! $A9! $:H$! +;9J9V! %7EF:%79! GA%H7K9+AG7!












































! !  167 
#")>/(-2)E/9,199/+()
! !  168 

















JFPFG:<! :<J7%A+J:;<! =\G;7R<7%! 7J! AG,V! )--*Y! \A<M$:! 7J! AG,V! )--/Y! \:GGA%M;<! 7J! AG,V! )--.BV! A<!
A99;+:AJ:;<! P7JN77<! 5]]^)! A<M! <7F%;<AGGO! 782%7997M! !KV! "KV! #KV! $K! A<M! %KJFPFG:<9! NA9!










9$77J! 9J%A<MV! 92AJ:AGGO! +;<9J%A:<:<H! J$7! 9F%LA+7! %79:MF79! A<M! :<$:P:J:<H! J$7! :<J7%A+J:;<,!
`;N7Q7%!J$:9!M;79!<;J!;++F%!:<!J$7!5]]^)K1k@@*!A99;+:AJ:;<,!X<9J7AM!;L!A!9F%LA+7!_%H4)-!
%79:MF7! <7A%KAMhA+7<J! J;! J$7! 5O94*)! M;+R:<H! 9:J7V! 1k@@*! $A9! A! >%;4)-! %79:MF7V! N:J$! A<!







AGA<:<7! PG;+R! 9+A<V! %72GA+:<H! PG;+R9! ;L! L:Q7! +;<97+FJ:Q7! %79:MF79! N:J$! F<%7A+J:Q7! AGA<:<79V!
M7I;<9J%AJ7M!A!N7AR7<:<H!;L!J$7!A99;+:AJ:;<!P7JN77<!J$7!IFJAJ7M!5]]^)!];+#D]!M;IA:<!
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?:AP7J79C29;%:A9:9C>?!
6! 6!
)! U! MXT0" ](4)(3! 6! 6!
)! f! MXT0" ](4)(3! 6! 6!
)! f! MXT0" ](4)(3! 6! 6!
)! f! MXT0" ](4)(3! [! 6!
)! U! MXT0" ](4)(3! [! 6!
)! U! MXT0" ](4)(3! [! [!
)! f! MXT0" ](4)(3! [! [!
)! U! N$&90" 1)(-f! ?:AP7J79C29;%:A9:9C>?!! 6! 6!
)! f! N$&90" 1)(-f! 6! 6!
)! f! N$&90" 1)(-f! 6! [!
)! f! N$&90" 1)(-f! [! 6!
)! U! N$&90" 1)(-f! [! 6!
)! U! N$&90" 1)(-f! [! 6!
)! f! N$&90" 1)(-f! [! [!
*! f! N+.T" ?4*/"! 67F%;M7H7<7%AJ:;<!2A<7G! [! 6!




)*! f! N+O)0" ^4a.r! [! 6!
(-! U! N<NR'" 1(*(X! >?@A97!36!782%799:;<V!!
>?!G:<R!=<7F%;<AG!%7H7<7%AJ:;<!A<M!
6! 6!
(-! U! N<NR'" 1(*(X! 6! 6!  210 
(-! U! N<NR'" 1(*(X! ;FJH%;NJ$B!
!
[! 6!
(-! f! N<NR'" 1(*(X! [! [!
*! f! N%#0" U&*-5! 67F%;M7H7<7%AJ:;<!2A<7G! [! 6!
/! f! %!N*'" >(&41! 67F%;M7H7<7%AJ:;<!2A<7G!V!>?!G:<R!
=:%;<!A++FIFGAJ:;<B!
[! s!
4! f! %$+0-" _4a.?! 67F%;M7H7<7%AJ:;<!2A<7G! [! 6!




)&! f! %(;N$0" r(Z*45! [! s!
)*! f! %(;N$0" l(/4Z_! [! s!
4! f! b&+)0" _(&*3! fFGJ:2G7!LAI:G:79! [! 6!
)/! f! b&+)0" 6Z-(1! 6! 6!
)/! U! b&+)0" 6Z-(1! 6! 6!
)/! f! b&+)0" 6Z-(1! [! 6!
)/! f! b&+)0" 6Z-(1! [! [!
&! U! b&+)0" 34.Zä! [! 6!
*! U! b&+)0" l))(X! 6! 6!
*! U! b&+)0" l))(X! 6! 6!
*! U! b&+)0" l))(X! 6! 6!
*! U! b&+)0" l))(X! [! 6!
*! f! b&+)0" l))(X! [! [!
(! U! )$;" "(&-^! >?@A97!36!782%799:;<V!!
>?!G:<R!="]f!2%;J7:<K5]]^)B!
[! 6!
(! f! )$;" "(&-^! [! 6!
(! U! )$;" "(&-^! [! 6!
(! U! )$;" "(&-^! [! [!
/! f! )N.0a!" ?)*Z[! >?!G:<R!=kP:EF:J:<B! [! 6!
(! U! &+(+N-%0" \a4Z"! 5:<RAH7!A<AGO9:9!=#$%!(BV!
>?@A97!36!782%799:;<V!!
[! 6!
(! U! &+(+N-%0" \a4Z"! [! [!
(! U! &+(+N-%0" \a4Z"! [! [s!
(! f! &+(+N-%0" \a4Z"! [! [s!




)! U! &+1,(" \(-(Z]! 6! [!
)! f! &+1,(" \(-(Z]! 6! [!
)! f! &+1,(" \(-(Z]! 6! [!
)! f! &+1,(" \(-(Z]! [! [!
)! U! &+1,(" \(-(Z]! [! [!
)! U! &+1,(" \(-(Z]! [! [!
)! f! &+1,(" \(-(Z]! [! [!
.! f! &+1,(" \/a)l! [! 6!
4! U! &+1,(" X.(*f! 6! 6!
4! f! &+1,(" X.(*f! [! [!






)! f! &T'-0" ]a&Z>! 6! s!
)! U! &T'-0" ]a&Z>! 6! 6!
)! f! &T'-0" ]a&Z>! 6! 6!
)! f! &T'-0" ]a&Z>! [! 6!
)! U! &T'-0" ]a&Z>! [! 6!
)! U! &T'-0" ]a&Z>! [! 6!
)! f! &T'-0" ]a&Z>! [! [!
)/! f! &(#,!^" ^(.f! ?;2AI:<7!2%;+799:<H! [! 6!
(! U! &N#!<%" f4&41! >?!G:<R!=:<J7%A+J9!36#_B!
!
[! [!
(! f! &N#!<%" f4&41! [! 6!
(! f! &N#!<%" f4&41! [! 6!
(! f! &N#!<%" f4&41! 6! 6!
(! U! &N#!<%" f4&41! [! 6!
(! U! &N#!<%" f4&41! [! 6!
.! f! &N#O" "4Z_! 67F%;M7H7<7%AJ:;<!2A<7G! [! 6!
/! f! &b(+" \)/*b! ?;2AI:<7!2%;+799:<H! [! 6!




.! f! &9*2" 14Z4_! [! [!
(-! f! &9:N'" 3Za-X! >?@A97!36!782%799:;<V!
>?!G:<R!="]f!2%;J7:<K5]]^)B!
[! 6!






)! f! 9!#)^" 6aa43! 6! 6!
)! f! 9!#)^" 6aa43! 6! [!
)! f! 9!#)^" 6aa43! 6! [!
)! f! 9!#)^" 6aa43! [! 6!
)! U! 9!#)^" 6aa43! [! [!  211 
)! U! 9!#)^" 6aa43! [! [!
)! f! 9!#)^" 6aa43! [! [!
Z! U! 9M]&.'" >)/)5! >?@A97!36!782%799:;<V!
>?!G:<R!="]f!2%;J7:<K5]]^)B!
6! 6!
Z! f! 9M]&.'" >)/)5! 6! 6!
Z! U! 9M]&.'" >)/)5! [! 6!
Z! U! 9M]&.'" >)/)5! [! [!
*! f! 9/--^" "a4(^! #OJ;9R7G7J;<! [! 6!
(-! f! 9/--2!" ]4Z.`! #OJ;9R7G7J;<! [! 6!
/! f! 9/-O0" 54./f! 5:<RAH7!A<AGO9:9!=#$%!(&BV!
#OJ;9R7G7J;<!
[! 6!
)! f! 9X)" "a{Z! ?;2AI:<7!2%;+799:<HV!
>?@A97!36!782%799:;<!
[! [!
)! f! 9X)" ]a-)r! [! [!




)*! f! /-!]" 5.Z3! 6! 6!
)*! f! /-!]" 5.Z3! 6! 6!
)*! f! /-!]" 5.Z3! 6! 6!
)*! f! /-!]" 5.Z3! [! 6!
)*! f! /-!]" 5.Z3! [! 6!
)*! f! /-!]" 5.Z3! [! 6!




(-! U! \!%-" f(&-X! 6! 6!
(-! U! \!%-" f(&-X! [! 6!
(-! f! \!%-" f(&-X! [! [!
(-! f! \!%-" f(&-X! [! [!
)! f! \%&0^-" 6)..43! >?!G:<R!=QA+FG;GA%!9;%J:<HB!
!
[! [!
)! f! \%&0^-" l4/-Z5! [! [!
!
1$7!+$A:<KJ7%I:<AJ:;<!97EF7<+:<H!%79FGJ9!;L!2;J7<J:AGGO!2AJ$;H7<:+!36>9,!U;GG;N:<H!
:<:J:AG!+;<L:%IAJ:;<!;L!J$7!36>!:M7<J:L:7M!PO!6\3V!97H%7HAJ:;<!A<AGO979!N7%7!27%L;%I7M!
;<!LAI:GO!I7IP7%9,!_G9;!:<M:+AJ7M!:9!J$7!%7A9;<!J$7!36>!NA9!+;<9:M7%7M,!UCf!â!978!;L!
:<M:Q:MFAGV!#$%!â!+$%;I;9;I7V!^D!â!R<;+RK;FJV!"]!â!!7<M;2GA9I:+!%7J:+FGFI,![C6!â!!O79!
C!<;,!
!
!
!
!
!